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1230 Workbook

HOW TO
USE THIS
WORKBOOK

This workbook is divided into three sections. The first section, Learning the 1230,
discusses the 1230 mainframe, its controls and connectors, and its menu-driven
operating system. Read this section before attempting to do the examples in the other
sections.

The second section, Examples Requiring 16 or Fewer Channels, consists of hands-on
examples that show you how the 1230 can be used to solve problems. These examples
are progressive so work through them in order. Each example assumes you have
mastered the techniques used in previous examples. All of the examgles in this section
require only the standard 1230 configuration: 16 channels with one P6443 probe and
three lead sets.

The third section, Examples Requiring More Than 16 Channels, provides more exam-
ples to expand your knowledge of the 1230. These examples, however, require a 1230
equipped with 1230E1 expander cards and additional probes and lead sets.

RECOMMENDED DOCUMENTATION. When using this workbook, it is recommended
that you also have access to the 71230 Operator's Reference Guide, part number
070-6880-00.

REQUIRED EQUIPMENT. To work the examples in Section 2 of this workbook, you wiil
need:

1 1230 Logic Analyzer

1 1230 Operator's Reference Guide {070-6880-00)

1 Power Cord

Test Circuit (671-0049-00)

P6443 probe

lead sets (any combination of 174-1264-00, 174-1265-00, or 174-1266-00)
8" test lead

single-sided grabber tips (013-0217-00)

N = ) = -

To work the exampes in Section 3, you wili need:
(note: some examples require less equipment)

1 1230 Logic Analyzer
1230 Operator's Reference Guide (070-6880-00)
Power Cord
Test Circuits (671-0049-00)
P6443 probes
2 lead sets (any combination of 174-1264-00, 174-1265-00, or 174-1266-00)
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Introduction

Product
Overview

SECTION ONE
LEARNING THE
1230 LOGIC ANALYZER

This section introduces you to the TEKTRONIX 1230 Logic Analyzer. It contains descrip-
tions of the 1230’s capabilities, connectors, conlrols, and menu structure. Read through
this section completely before moving on to the other sections.

The TEKTRONIX 1230 Logic Analyzer is a modular, general-purpose test and measure-
ment tool usetful in the design, manufacture, and service of digital devices. The 1230
mainframe is lightweight, rugged, portable, and quiet. As a modular instrument, it can
be configured to meet your specific application. it Supports hardware debugging,
software analysis, microprocessor disassembly, and hardware/software integration.

The 1230 mainframe provides 16 channels at 25 MHz {(synchronous and asynchro-
nous), 8 channels at 50 MHz (asynchronous), or 4 channels at 100 MHz {asynchro-
nous). Up to three 1230E1 Expander Cards may be installed in the mainframe,
increasing the number of channels to 64 (16 channels/expander card).

An additional timebase is provided by each installed 1230E1 Expander Card. This
aliows you to simuftaneously collect data from different parts of the system under test
(SUT) with different sampling rates. For example, a 64-channel 1230 can disassemble
an 8-bit microprocessor and acquire eight channels of 100 MHz timing data at the same
time.

Optional RS-232 and GPIB interfaces allow you to use the 1230 as part of an integrated
system. Data can be transferred between the 1230 and a remote host. The 1230 can
also be remotely controlled.

The 1230 is easy to use. Operation is controlled through selections you make in screen
menus. A menu bar at the bottom of each screen describes how to do maost functions.
The 1230 also provides on-line notes if you need additional information on any menu.
The rest of this section describes the 1230 mainframe and shows how to access and
use the menus.

1-1



Controls and Connectors

Mainframe Figures 1-1 and 1-2 illustrate and define most of the 1230 mainframe. Use these figures
to locate specific controls and connectors on your own 1230. For a more detailed =
ngggésc?o':g description of the mainframe, refer to the 1230 Operator's Manual.

Specific use of the mainframe’s controls are described in more detail throughout this
workbook as needed. =

START-Use o start L
acquiring data.

DATA ENTRY KEY3-Use to -—— —————ARROW KEYS-Use to move
specity alphanumeric values cursor and 1o scroll
and to scroll through characters in edit mode.
selections in menu fields.
——STOP-Use to manually
——DISPLAY SCREEN stop data acquisition.
™\
r
) )
D E F STARY sToP (-
d = B
A :3 c [ e N
) 3 ) a
u : > ENTER.-Use to confi
-Use to confirm
Front_Pane| I R R [ W ENTER operations and to enter
C | d R 5 6 «3 D and exit edit mode.
ontrols an o O 3 MENU-Use to move
Connectors , s : - betwean menus.
O O 3 | b4 INDICATOR LIGHT-Shows when
1230 is powered up. =
o DON T CARE MEML POWER NOTES
® ® ® B —NOTES-Use to call up
[:} D D C.‘j information on the
current menu.
PRCRE D PROBE 8
P————R . T, e
RN e T S
e i i i - PROBE CONNECTORS
PROSE C PRORE A o]
PP e, eS| SRy, DON'T CARE- Use to enter
) M e bttt Gl Sy, il S A ey don't care status in place of
) digits in conditions. Use in
p \ edit mode to enter blank spaces.

Figure 1-1. 1230 Front Panel.
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Rear-Panel
Controls and
Connectors

17— OPTIONALLY CONFIGURABLE PORTS

[ LINE VOLTAGE SELECTOR-Use to
select between 115V and 230V

— ——

—®
_{
R
|-

e

(o]
w
Do mkiam o R ey
TN et i CRECTIS ) Gl
o T T et
T
@ @ ® o e -
L8
[ I,
l. @

Connecting
Probes and
Lead Sets

= VIDEO OUT-Composite of
monitor display.

— TRIGGER IN-Use to receive a
signal from another device

— TRIGGER OUT-Use to send signal
to another device.

POWER CORD CONNECTOR

POWER SWITCH
FUSE —

Figure 1-2. 1230 Rear Panel.

CONNECTING PROBES TO THE 1230 MAINFRAME. The 1230 probe cable connec-
tors plug into pin connectors located on the instrument's front panel (see Figure 1-3).
Notches on the connectors insure that the connectors are aligned correctly. To connect
the probe cable to the 1230, power down both the SUT and the 1230, then press the
cable’s female connector firmly onto the front-panel connector pins.

CAUTION

Never connect a powered-up circuit to a powered-down 1230. Doing so
could damage your probe. Before connecting a probe to the 1230, make
sure both the SUT and the 1230 are powered down. Then, after connecting
the probes, power up the 1230 before powering up the SUT.

To acquire data, probe slot A must always have a probe plugged into it. if you are using
more than one probe, you don't have to connect others in any particular order.
However, because 1230E1 cards must be installed in order, you will find it less
confusing to plug the second probe into slot B, the third into siot C, and so on.
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Probe cables plug into
front-panel connectors

— Lead sets plug into
pin connectors on probes.

Figure 1-3. Probe and Lead Set Connections. To acquire
data, a probe must always be plugged into
slot A.

CONNECTING LEAD SETS TO THE PROBES. Each probe has pin connectors for
three lead sets. You only need to connect lead sets to the pins on which you intend to
acquire data. To connect lead sets to probes, firmly press the lead set's female
connector onto the probe’s pin connector, Notches on the top of the lead sets ensure
correct orientation. The label on top of the probe identifies the leads by color, making it
easier for you to figure out which flying lead is associated with which probe input. To
make identifying leads easier, it is a good idea to use a lead sets with different colored
tips. Lead sets come in three different colors: black, white, and red.

CONNECTING LEADS TO THE SYSTEM UNDER TEST. There are a number of
different ways to connect leads to your system. For the examples in this workbook, you
only need to know two. One way is to plug the end of the flying lead onto the test card’s
pins. The other way is to plug the end of the flying lead onto a grabber-tip pin and attach
the grabber tip o the test card’s pins {see Figure 1-4).

NOTE

Always connect the probe ground leads lo a ground on your SUT.

Flying Lead plugs
into Grabber Tip

Flying Lead slips &
over Test Card Pins —m~

Figure 1-4. Connecting Leads to the Test Card.



Expander Cards

Mainframe
Power Up

Installing
Expander Cards

Once the probes and lead sets have been connected, perform the following steps to
power up the 1230 mainframe:

1. Check the Line Voltage Selector Switch on the rear panel 1o make sure it is set for

the voltage in your area. Selections are 115 V and 230 V. The rear panel is shown in
Figure 1-2.

2. Plug the 1230 power cord into the power cord connector on the rear panel. Then
plug it into a proper power receptacle.

3. Fiip on the rear-panel power switch.

At power up, the 1230 displays the Initialization Menu shown in Figure 1-7. This menu
tells you the instrument configuration (how many channels are available), the current
date and time, which setup is currently loaded, and what version of firmware is installed.
Press NOTES to display information about operating the 1230.

The 1230 Master Analyzer Board, always resident in the 1230, provides you with 16 data
acquisition channels. To increase the number of channels, you must install 1230E1
Expander Cards. Each card provides you with an additional 16 data channels. Upto
three expander cards may be installed to give you a tolal of 64 data acquisition

channels. Each of the examples in Section 3 requires a 1230 configured with expander
cards,

To install 1230E1 cards, you will need a magnetic-tip #1 POZIDRIV screwdriver. The
following steps explain how to install expander cards in your 1230 mainframe:

1. Make sure power to the 1230 is off and the power cord is disconnected.
2. Make sure that the 1230 is protected from static,

SJ\/\I\/-J\,JJJ

‘4 CAUTION 2

\
Pl o o i G o S
Static discharge can damage any semiconductor in this instrument. Damage

{0 electrical components may not be immediately apparent. Take standard
anti-static precautions.

3. Remove the 1230 top cover by removing the four Phillips-head screws on the cover,
two on each side. Figure 1-5 shows the 1230 top cover and the circuit-board cover.

Lift the cover and set it aside.

Refer to Figure 1-5. Remove the three screws on the right side of the metal plate that
covers the circuit boards, then loosen the three captive screws on the left side ofthe
plate.

(%)

Lift off the metal plate and set it aside.

Firmly, but gently, plug the expansion card (or cards) into the appropriate card slot.
Piug the first card into the slot on the right, the second card in the middle slot, and
the third card in the slot on the left. Make sure each card is weli-seated as shown in
Figure 1-6.

8. Connect the cards to the probe-interconnect cables as follows. Figure 1-6 shows
the probe-interconnect cables and cards.

+ Connect the right-expansion card to probe B's connector.
« Connect the middle-expansion card to probe C’s connector.

« Connect the left-expansion card, the one closest to the Controlier board, to probe
D’s connector.

9. Replace the circuit-board cover and screws.
10. Replace the 1230 top cover and screws.



Expander Cards

Figure 1-5. Disassembling the 1230 mainframe to install

1230E1 Expander Cards.

PPt o A

~Z 2 /‘/// Probe interconnect cable —, _~
Z 2 - 1< connects 1230E1 card to -

front panel probe connector.

Edge connector used to
plug 1230E1 cards into
Master Analyzer Board.

1/ /

Figure 1-6. Installing 1230E1 Expander Cards. Connect
the probe cables to the expansion cards as
shown here. interconnect cable A should ai-
ready be attached to the Master Analyzer
board.



Menu Overview

Menu
Descriptions

MENU OVERVIEW

The operation of the 1230 is controlled by selections you make in menus displayed on
the screen. When you first power up the 1230, the menu selections are the same as they
were when the instrument was last powered down. If you want to restore the default
menu configuration, simultaneously press NOTES and ENTER {to reset the 1230),
followed by D (for Default).

The 1230 menus are divided into three groups:
Setup Menus — Control the acquisition of data.
Data Menus - Control how acquired data is displayed.

Utility Menus — Control the storage of setups and system settings such as screen
intensity and the current date and time. if you have options such as RS-232 or GPIB
interfaces instalied, they will also be controlled from this group of menus.

This section describes the 1230°s menus in general terms only. Specific menu opera-
tions are discussed as needed in the examples later in this workbook. For a detailed
description of the menus, refer to the 1230 Operator's Manual.

ACCESSING MENUS. When you first power up the 1230, the Initialization Menu shown
in Figure 1-7 is displayed. To access this menu again, you wilt have to reset the 1230
either by turning it off and on again or by simultaneously pressing NOTES and ENTER.
To call up any other menu, press MENU to call up the Main Menu shown in Figure 1-8.
Then, press the number corresponding to the menu you want. For example, to call up
the Channel Grouping Menu, press MENU followed by 1.

TUE, NAR @8, 1988 10 48 -DEFALLT

TektroniX 123e/16 channel Logic Analyzes, v3.08
(C) Tektronix, Inc. 1987, 1988 A1l rights reserved.

Use the NOTES key whenever information is needed,
or tonsult the Operator’s Manual.

X represents DON'Y CARE condition.

Press MENU to continue

Figure 1-7. Initialization Menu. Appears when the 1230 is
first powered up or reset. it gives you the
current date and time, the name of the current
setup, the number of channels your 1230 Is
configured for, and the version of firmware
instalted.
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WED, WAR 16, 1%%8 15:46  -DEFALLY
Group Radix Pol TB Channel Definitions

GPA HEX + 11 AAARARRAAARAARAR

1111110099600000
54321689876543214
GPB  HEX
SETUP - DATA UTILITY !
] € Men Select B Storage
i Channel Geoups |7 State C Sys Settings
2 TIrigger Spec 8 Disassembly
3 Conditions 9 TYiming

4 Run Contrcl

Select Screen: Hex Key or &ver for cursor, then ENTER

Figure 1-8. Main Menu. Gives you access to the other
1230 menus. To call up a menu, press the
number associated with it.

ON-LINE INFORMATION. To help you in setting up menus, the 1230 provides two
types of on-line information: notes and menu bars. Pressing NOTES in any menu calls
up a screen ful! of text describing the menu and its functions. A highlighted menu bar at
the bottom of each menu briefty describes the keystrokes required to make changes to
the menu. Some menus have more than one menu bar of information. To cycle through
the menu bars, press F.

PROMPTS AND ERRORS. There are some types of menu changes you can make that
will affect selections in other menus. For example, turning on glitches in the Timebase
Menu reduces the number of channels available in the Channel Grouping Menu. When
you make a selection that will affect other menus, a box will appear on the screen
prompting you to confirm the change.

If you try perform an operation that conflicts with the 1230’s configuration, a box
containing an error message will appear on the screen. For example, you will get an
error message if you try to load a stored setup that does not match the current probe
configuration.

MENU FIELDS AND CURSOR MOVEMENT. Use the arrow keys on the front panel to
move the cursor from field to field. The cursor position is shown in reverse video. To
change a field, the cursor must be positioned on it. The arrow keys aiso move the data
cursor in data display menus.

There are two types of changeable fields in 1230 menus: select fields and fill-in fields.
Select fields only allow you to choose from pre-defined selections. You cycle selections
through select fields by placing the cursor on it and pressing specific front-panel keys.
The menu bar at the bottom of the screen will tell you which keys change the values in
the field.

Fill-in fields allow you to enter character strings. Some of these fields allow you to enter
characters as soon as the cursor is placed on the field. Others require you to press
ENTER to enter edit mode before characters may be entered. This latter type are usually
fields, such as channel group names, in which you might want to enter characters not
found on the keypad. In these cases, pressing ENTER puts you in edit mode. The up
and down arrow keys can then be used to cycle characters through the field. Pressing
ENTER again will take you out of edit mode.
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ACQUIRING DATA. To acquire data, first connect the 1230 to your system with probes
and lead sets as shown earlier in this section. Then, set up the menus in the Setup
Menu group. When you have finished setting up the menus, press START to begin the
acquisition. The examples in subsequent sections of this workbook describe data
acquisition in more detail. They tell you how connection probes and which menu
selections to choose in order to acquire data that is usefu! for specific types of
applications.

Setup Menus

The menus in the Setup Menu group work together to control how data is acquired and
stored. There are four menus in this group:

TIMEBASE MENU. The Timebase Menu allows you to control the acquisition clock and
how probes are linked (if more than one probe is available). Two clock formats are
available: synchronous and asynchronous. if you select Async as the clock format, you
may also select a clock rate.

Turn glitches on if you want to trigger on a glitch. Otherwise, leave them turned off
because turning them on reduces the number of channels available for data acquisition.

WED, WAR 16, 1988 13:47 -DEFAULY
Group Radix Pol TB Channel Definitions

GPR HEY + 11  ARKARARARARARAAR

TIMEBASE

Linked
G| Probes IB Format Rate $litch Threshold

B NESTTE 155 M TIL 414y

i “. Select: 0,2
i v Change Links: A,D

Menu:MENU  Return:MENU twice New:MENL, then Hex Key

Figure 1-9. Timebase Menu,
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CHANNEL GROUPING MENU. The Channel Grouping Menu allows you to group
channels together. When channels are grouped, their data is displayed together.
Channel groups are also used to define trigger conditions. You can only group
channels from different probes together if the same timebase has been selected for
them in the Timebase Menu.

The Channel Grouping Menu aiso allows you to select the radix in which trigger
conditions for each group are defined and the polarity (positive or negative logic) used
when acquiring data.

MED, WAR 16, 1988 15 47  -DEFAULY
Group Radix Pol IB Channel Definitions
HEX + 11 ARAAARAARRRAAARAA

1111110000000068
5432109876543218
GFB HEX
GPC HEX
GPD HEX

m_mmm_

Cursor:4av 4 Edit name:ENTER Default Groups:F

Figure 1-10. Channel Grouping Menu.

TRIGGER SPEC MENU. The Trigger Spec Menu aliows you to specify up to 14 levels of
trigger statements. These statements control the sequence of events the 1230 looks for
before triggering, the action it performs when it finds a specified event, and what data
gets stored. These statements resemble the condition statements found in most
computer programming languages.

MED, WAR 16, 1988 15 47 -DEFAILY
Level Condition Count Action Dest

1 IF S+ 99011 THEN £ TRIC 1 & [ FILL )

2

3

4

5

CONDITION:

GPA
Symbol  hex
A 1 000!

Cuprsoriaver Select:@,2 Instruction:ENTER Advanced:l

Figure 1-11. Trigger Spec Menu.
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CONDITIONS MENU. The Conditions Menu lets you define conditions (combinations
of high and low signals) for the 1230 to use in its trigger seach. These conditions are
selectable in the Trigger Spec Menu. I glitches are turned on, they may be included in
condition definitions. Conditions are also used to determine which channels are
compared to each other when you compare memories.

WED, WAR 16, 1980 ENYTITESTTE 1548  -DEFAUL

Level Condition Count Action Dest
1 IF¥ (] 1+{0091) THEN [ YRIC 1 & [ FILL ]
2
3

g CONDITIONS p

Sunbol GPA

hex

N 000
B HE o 40
c i 14

a Edit Symbol: ENTER
4 Hindow Up : F
| v Hindow Down: €

Menu:MENU  Return:MENU twice New:MENU, then Hex Key

Figure 1-12. Conditions Menu.

RUN CONTROL MENU. The Run Control Menu is divided into two parts. The upper
part allows you to choose which of the 1230’s four memories the acquisition will be
stored in, which format will be used to display data when the acquisition is complete,
which memory location the trigger event is stored at, and how much data is acquired
before the 1230 begins looking for the trigger. The lower part of the menu allows you to
set parameters for comparing one memory to another.

MED, WAR 16, 1988 15 48 -DEFALLY
Update Mewory : [EB) Display: [Timingl
Trigger Position: [08512) 8 H ] 2%

Look for Trigger: [After Pre-Trigger Mewory Fulll

Conpare ! [Manuall
Compare Mewory 1 to Nemory: [21

Conpare Mem Locations: 100001 to [2647)
lise Channel Mask HE | ] 1

Display Data at least: [5) seconds

GPA
Synbol hex
A P 00N

Cursor: avqp Select: @,2

Figure 1-13. Run Control Menu.
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Data Menus

The menus in the Data Menu group are used to display acquired data.

MEMORY SELECT MENU. The Memory Select Menu gives you information about the
data stored in each of the 1230’s four memories. It lists the date and time the data was
acquired, plus all the selections made in the Timebase Menu for that acquisition.
Selecting a memory in this menu allows you to display it it the current instrument
configuration is the same as it was when the data was acquired.

WED, WAR 16, 1588

Menory Select

G -DEFAULY

TUE, MAR 15, 1988 @7:39
Link IR Format Rate Git

B - Unused -——--—-
B - Unused -----
————— Unused -----
B3 - Unused -----
u SET T
TUE, JAN 83, 1990 @8:81
Link TB Format Rate GIt
Kl 11 Sync No

15:49  -DEFAULY

Fm & ~DEFAULY
HU, WAR 18, 1988 1@:42
Link TB Fornat Rate Clt

M T1 Async 108 & Mo

B
C Upused --~--
-~ Unused --——-

| Menory 4 ) KENTST2
FRI, FEB 19, 1988 @9:12

Link TB Forsat Rate Glt

B T Asyne 2 45 Mo
B

o - Unused ————-
Iy - lnused -----

Select Memory!d v 4 » b

Figure 1-14. Memory Select Menu.

STATE MENU. The State Menu displays data in a state table format. For each memory
location, it gives you a numerical representation of the logic state of each channel

group. You may change the radix used to display the data, turn off the display of a

particular group, or search for a specific event. The State Menu also shows you the
trigger location and the resuits from comparing one memory to another.

MOM, FEB 29, 1988

hex

CETF
CETF
CEMF
CE?F

State: Memory 1

14 -DEFRULY -

'

Scroll. Ay

Cursor: «»

Jump:ENTER: Radix:E

Figure 1-15. State Menu.
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DISASSEMBLY MENU. This menu is only available if you are using an optional
disassembly probe to acquire data. Since this menu is not used in any of this
workbook's examples, it is not shown.

TIMING MENU. The Timing Menu displays data from each channel as a timing trace or
digital waveform. You may rename the trace iabels and change the order in which they
are displayed. By setting a reference point for the data cursor, you can measure the time
elapsed between specific data samples.
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Figure 1-16. Timing Menu.
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UTILITY MENUS

The menus in the Utility Menu group allow you 1o store setups and set some system
parameters. If your 1230 has any options installed, they will be controlled from menus in

this group.

STORAGE MENLU. The Storage Menu allows to store setups (the selections made in
setup menus) for use at a later time. To reload a setup, the system configuration must
by the same as when the setup was created. Setups may be protected 1o prevent them

from being accidentally overwritten.

MED, MAR 16, 1988

Setup

MATHCHR
SET TWO
SET 7
Ei4
DUALTE
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SANDYS
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NN, FIB 22,
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FRI, JAN 13,

1983
1998
1900
1968
1988
1388
1988
1909

fictive Setup; 1-DEFAULY)

Select Setupia v

prolong the life of your 1230's CRT.

Load:B

13:52 -DEFAULY

Tine

Save:2

Figure 1-17. Storage Menu.

SYSTEM SETTINGS MENU. The System Settings Menu allows you to set the 1230
clock’s date and time. It also lets you vary the brightness of the screen and turn the
screensaver on or off. If you turn on the screensaver, the screen will automatically
darken if no keys are pressed for a long time. This prevents screen burn-in and will

Prot  Links
Mo
Yos 9
L

Yes 3

No )
Yes I BN
Yes NN
Yes J

Protection: [ Mol

MED, WAR 16, 1988 15 52 -DEFAULY
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4 N4 Bate: Pes 9
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8 A Intensity: [ | Yes ]
Screensaver: [ON ]
fictive Set jon: [ Mol
a | Select: 0,2
4> || Set Date: ENTER
v Clear: X

Menn: MENU

Return:MENI twice

New: MENU

then Hex hey

Figure 1-1B. System Settings Menu.
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TYPES OF DISPLAYS

Data Dis p| a Once the logic analzyer has acquired data from the circuit under test, you can choose to

Overview display the data several different ways. The two most common data formats are timing

format and stafe format. In general, both types of displays give you the same informa-

tion, but depending on your application, one type of display may be much easier to read
and interpret.

TIMING FORMAT DISPLAY. Data dispiayed in timing format looks much like an
oscilloscope screen. Refer to Figure 1-19. Each data channel-is represented by a
horizontal trace showing high and low voltage states. Timing format is most often used
to measure small time differences between signals changing states.

Timing diagrams display idealized waveforms that represent the logic state of each data
channel at various points in time. The waveform is idealized because it only teills you if
the data channel voitage was above or below a pre-set threshold voltage at the time the
sarmple was taken. It is also idealized because the logic analzyer only samples the dala
channel’s voltage at specified times (the sample interval) and hence can only show you
timing differences greater than or equal to the sampling rate of the analzyer.

When you view a timing diagram, you need to consider the threshold voltage, the
sample rate, and the trigger position. The threshold voltage (usually 1.40V for TTL
logic) tells you the meaning of high and low timing traces. The sample rate tells you the
resolution of the timing display; faster sample rates allow the logic analzyer to more
accurately represent the circuit under test.

The trigger position determines how much data you will be able 10 see before and after
the trigger event; if the trigger word is positioned at the beginning of memory, you will
only be able to see events that occurred after the trigger word; if you position the trigger
word in the middle of memory, you will be abie to see some events that occurred both
before and after the trigger event.

The Timing Menu provides a number of tools to help you evaluate acquired data. The
channel name for each trace is listed at the left side of the screen. Additional channel
traces can be viewed by scrolting the display up or down using the arrow keys. The data
event that caused the logic analzyer to trigger (trigger word) is marked with a vertical
cursor and a 1. This cursor can be moved to other data samples by using the arrow
keys. Any cursor position can be set as a reference point. Then when the cursor is
moved, the distance in time between the two samples is displayed in a field at the top of
the menu.

A horizontal bar-graphic {the memory indicator) at the top of the menu shows you which
porion of acquisition memory is currently being displayed, and a small rin this window
shows where the trigger word appears. You can use the functions available in the menu
bar at the bottom of the menu to change the scale of the timing traces; a very fine scale
will allow you to see differences between traces as small as one sample, while a very
coarse scale will allow you {o see much more data at one time. There are also functions
available that allow you to change the ordering of traces on the display and to change
the rate of data scrolling.
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Figure 1-19. Timing Diagram. Data displayed In timing
format is much like an oscilloscope screen.
Each data channel is represented by a hori-
zontal trace that shows you its voltage state
{above or below the threshoid voltage) at
various points in time. Comparing two or
more traces can often tell you If there is a
broken connection or a internal race condi-
tion in your circuit.
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STATE FORMAT DISPLAY.State format displays data as numeric entries in a table.
Refer to Figure 1-20. Each column represents a data channel (or channel group}, and
each row represents the data acquired for all channels at one point in time. You can look
up the data value for any particular channel at a particular point in time by reading
accross the top of the display until you find the right channel group and then reading
down the rows until you find the desired time {memory location).

The data values in a state table represent the same information shown in a timing
diagram, but instead of representing the voltage state of each channel as a waveform,
the state table represents the voltage by using an alphanumeric character. Typically,
channels measured above the threshold are represented by a numeric 1, and channels
below the threshold are represented as a 0; this is called a binary (base 2} display.
When many data channels are represented in the same menu, it is often more
convenient to display the data values in either octal (base 8) or hexadecimal (base 16)
format. You can change the display format from one numbering system (radix} to
another at any time; choose the one most convenient to your appiication. Tables 1-1
and 1-2 show the octal and hexadecimal radix equivalents of binary numbers.

Fable 1-1
BINARY TO OCTAL RADIX EQUIVALENTS

Binary Octat Binary ] Octal
000 0 100 4
001 1 101 5
010 2 110 6
on 3 111 7
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Table 1-2
BINARY TO HEXADECIMAL EQUIVALENTS
Binary Hex Binary Hex
0000 0 1000 8
0001 1 1001 9
0010 2 1010 A
0011 3 101 B
0100 4 1100 c
0101 5 1101 D
0110 6 1110 E
o111 7 1111 F

As with the timing diagram, when you view a state table, you need to consider the
threshold voltage, the sample rate, and the trigger position. The threshold voltage tells
you the meaning of high and low data values. The sample rate tells you the resolution of
the data; faster sample rates atiow the logic analzyer to more accurately represent the
circuit under test. There will be times, however, when you are less concerned with

resolution and place more value on the number of system-under-test cycles you can
capture.

The trigger position determines how much data you will be able to see before and after
the trigger event; if the trigger word is positioned at the beginning of memory, you will
only be able to see events that occurred after the trigger word; if you position the trigger
word in the middle of memory, you will be abie to see some events that occurred both
before and after the trigger event.

THU, WAR 17, 1988 @5:12 J -DEFAULY
Loc  GPA GPB
hex bin

@562 OF 68101811
503 6OF 00181911
584 eF ee101011
95685 ¢F eeigieil
9506 8F ee101411
507 SF esleeil
G 4F wW1e1611
41F @81a1011
@516 4F @essie1t
HIE—4F—oatotets
1810911
CF 96111110
@514 CF eeti11119
@515 CF eaiii11e
@316 CF @9t11110
17 2F e11eeiel
9518 2F Gileqiel
@519 2F 01108161
@528 2F d11ee181
@521 47 Gliea1el
Func:F Search for: @,2 [Trigyer 1 Do Search: 1

Figure 1-20. State Table. Data displayed In state format
appears in a list where each column repre-
sents a channel (or channel group) and
each row represents a different data sam-
ple; the earliest data samples appear at the
top of the list. Data samples can be dis-
played in binary, octal, or hexadecimal nota-
tion depending on whether you need to in-
terpret the bits individually or whether it is
easier to read them In alphanumeric form.
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The State Menu display provides a number of tools to help you evafuate acquired data.
The location number for each data sampile is displayed on the left side of the screen; the
first (oldest) samples have low numbers and are displayed at the top of the screen. The
trigger position is marked with in inverse video. A variety of functions accessible via the
menu bar at the bottom of the menu allow you to change the display radix of channel
groups and search for specific data words.

State tables are often the most convenient way of showing data when you are
debugging software problems. Software problems frequently require you to examine
the states of address bus, data bus, and control lines simultaneously; if you tried to
examine that number of timing traces simulateously, you would soon dispair of ever
making sense out of your data. For the same reason, even a state table showing that
number of data states in binary format quickly becomes unusable, so the most common
state tables display data in hexadecimal.

Microprocessor disassembly listings are a specialized type of state tables; instead of
just listing the voltage levels in binary, octal, or hexadeciamal radixes, the logic analyzer
translates known patterns to their assembly language equivalents and displays the
mnemonics on the screen. This can be of great help in evaluating what instruction the
microprocessor was attempting to execute, but you should remember that the mne-
monic display is fundamentatly no different than other state table displays. (Mnemonic
disassembly requires an optional, microprocessor-specific data probe.)

TEST CARD DESCRIPTION

The examples in this workbook use the Test Circuit (Tektronix p/n 671-0049-00) to
simulate a system under test (SUT). The test card provides digital data patterns which
the 1230 can acquire. it generates 16 logic states which repeat over and over. Figure A1
on the pull-out page at the rear of this workbook shows these states in timing diagram
format. Note that channels nine and twelve generate glitches.

The test card provides 23 data lines, 3 clock lines, 2 ground lines, and a glitch fine. Each
of these lines is connected to a labeled square pin on the circuit board, making it easy
for you to connect data acquisition leads to them. Figure A2 shows the test card
schematic.

The test card’s power source is a 3 volt lithium battery (Tektronix p/n 146-0063-00). The
battery is connected to the circuit via a slide switch. All of the cards ICs require very little
power to operate. However, if the ICs are driving relatively low impedance loads, the
power consumption goes up substantially. The battery will last for many hours if only
high-impedance loads (or no loads) are being driven.

NOTE

When it is not in use, be sure to switch off the test card and disconnect it from
the 1230. Even if the test card is turned off, the battery will continue to drain if
it is left connected to a powered-up 1230.

Figure A-3 on the pulfl-out page shows the test card’s component layout.
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TEST CARD BATTERY CHECK

Use a digital volt meter (DVM) to check the voltage from the top of the battery to a GND
square pin. Voltage values should be between 2.6 volts and 3.5 volts. If lower then 2.6
volts, exchange the battery.

Lithium batteries require special considerations for handling and disposal.

Improper handling may cause fire, explosion, or severe burns. Do not re-
charge, crush, disassemble, heat the battery above 100 degrees Celsius,
incinerate, or expose contents of the battery to water. To avoid personal
injury, observe the proper procedures for handling and disposal of lithium
batteries given below.

Dispose of batteries in accordance with local, state, and national regulations. Typically,
small quantities of batteries (less than 20) can be safely disposed of with ordinary
garbage in a sanitary landfill. Larger quantities must be sent by surface transport to a
Hazardous Waste Disposal Facility. The batteries should be individually packaged to
prevent shorting and packed in a sturdy container that is clearly labeled ‘Lithium
Batteries -- DO NOT OPEN.”
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Example One

Acquiring Data
Asynchronously

SECTION TWO
EXAMPLES REQUIRING
16 OR FEWER CHANNELS

This section provides hands-on examples designed to familiarize you with the 1230’s

operation and to give you an idea of the broad range of applications in which it can be

used. These examples are progressive, each building the skills acquired in the previous

examples. You should start at the beginning and work through the examples
consecutively.

This section assumes you have read Section 1 of this workbook and are familiar with
how to connect data acquisition probes and power up the logic analyzer.

REQUIRED EQUIPMENT. To work the examples in this section, you will need:
1 1230 Logic Analyzer

1 Operator’s Reference Guide (070-6880-00) or
1230 Operator's Manual (070-6878-00)

Power Cord

Test Circuit (671-0049-00)

P6443 probe

lead sets {any combination of 174-1264-00, 174-1265-00, or 174-1266-00)
8" test lead (196-3222-00)

single-sided grabber tips (013-0217-00)

N = W = =k -

EXAMPLE ONE

OVERVIEW. Logic analyzers acquire data samples based on transitions of a clock
signal. That is, a data sample is acquired every time a clock pulse cccurs. There are two
basic types of clocking: asynchronous and synchronous. When data is acquired
asynchronously, the clock used is a signal generated internally by the logic analyzer.
This allows you to select the clock, and thus the sampling, rate. When data is acquired
synchronously, the clock is a signal received from the system under test (SUT).

in this first example, we will acquire data asynchronously from the 671-0048-00 Test
Circuit that came with your 1230. Initially, we will use the 1230's default setup. Then, we
will make a couple of additional acquisitions with slightly different clock rates so you can
see the importance of choosing the right clock rate.

After completing this example, you should know:

how to connect probes to a SUT

what the 1230's default setup consists of and how to load it

how to make single data acquisitions

how to change the asynchronous sampling rate

how to look at data in timing diagram format and how to change the display
resolution

» how to switch to state table format to search for the trigger location

PROBE CONNECTIONS. With both the 1230 and the test card powered down,
connect Probe A to the 1230 (instructions for making the physica! connections are given
in Section 1 of this workbook). Connect the probe leads to the test card pins as shown in
Table 2-1. Leads not listed in the table should be left unconnected.
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Table 2-1
PROBE TO TEST CARD CONNECTIONS
Input Pin
Do BIT23
D1 BiT22
D2 BIT21
D3 BIT20
D4 BIT1S
D& BIT18
D6 BiT17
D7 BIT16
GND GND
D8 BIT15
D9 BIT13
D10 BiT12
D11 BIT11
D12 BIT3
D13 BIT2
D14 BIT1
D15 BITO
GND GND

Once all the connections have been made, power on the 1230. Then, turn on the test

card.
CAUTION

Never connect a powered-up circuit to a powered-down 1230. Daing so
could damage the logic analyzer. When you must power down the test setup,
turn off the test circuit before the logic analyzer.

1A. The Default Setup: Trigger on Anything

INSTRUMENT SETUP. The first acquisition will be made using the 1230's default
setup. When the 1230 is powered up, it retains the setup that was previously in effect.
The best way to make sure you have the default setup is to re-load it from where it is
stored in nonvolatile RAM. To do this, simultaneously press NOTES and ENTER ({to
reboot the instrument). Then, press D (for Default).

If the default setup is loaded, the upper-right corner of the screen will say -DEFAULT.
Before actually making an acquisition, let’s take a look at the default setup. To access
the various menus, press MENU to call the Main Menu which contains a list of the
available menus (an overview of all the menus is contained in Section 1 of this
workbook), Then, press the number corresponding to the menu you want. As you getto
know the numbers associated with the menus, you can press the combination without
waiting for the Main Menu. For example, pressing MENU followed by O calls the
Timebase Menu.
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The menus in the Setup Menu Group are as described in the following paragraphs.

Timebase Menu — Note that the clocking format is Async with a rate of 1us. Glitch
detection is turned off and the threshold voltage is set for TTL components (see Figure
2-1).

Channel Grouping Menu — All the channels from Probe A (A15-A00) are grouped
together with a HEX radix (see Figure 2-2). The radix you select in this menu will
determine which radix you must use {o define conditions for the channel group.

SAT, FEB 27, 1988 15 46 -DEFRULY

Tektroni_x 1230716 .
L‘\ Ralbe i Iﬂﬂﬂ EEEI All i 1

Linked
Probes TB Format Rate Glitch Thresiwld
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- Select: 0,2
v Change Links: A,D

Menu:MIND  Return:MENU twice  New:MENU, then Hex Key

Figure 2-1. Default Timebase.
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Figure 2-2. Default Channel Grouping.
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Conditions Menu — Twenty-four conditions are defined. In each of them, every
channel is marked with don't cares (symbolized by X). When a channel is given a don't
care, the 1230 ignores its value (see Figure 2-3).

Trigger Spec Menu — The logic analyzer will trigger and fill memory when condition A
occurs (see Figure 2-4). Recall from the Conditions Menu that all condition A's channels
are set to Don’t Care (X). Since no specific channel group value is being looked for, the
1230 will trigger on the first clock pulse after the trigger is enabled {see Run Control
Menu, following).

SAT, FEB 27, 1988 1S 49 -DEFAULY

Level Condition Count Action Dest
1 IF 1] 1+{8061] TREN [ TRIG ) & [ FILL )
2

3
Synbol GPA

hex

T 000
B HIb ¢ 0.0 4
C HEb o ¢ o §

a Edit Symbol: ENTER

4 Mindow Ulp : F

v Kindow Down: C

Menu:MENU  Return:MENU twice  HNew:MENU, then Hex Key

Figure 2-3. Default Conditions.

SAT, FEB 27, 1984 15:48 -DEFALLY
Level Condition Count fiction Dest

1 IF [T} 0801 THEW [ TRIG 1 & f FILL ]

CONDITION:

GPA
Symbol  hex
& + 000

Cursor:aver Select:®,2 Instruction:ENTER Advanced:i

Figure 2-4. Default Trigger Specification.
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Run Control Menu — The acquisition will be stored in Memory 1 (the 1230 provides
four, 2K-deep memories). Timing is the default display type; however, after the
acquisition has been made, you may choose to display it in either a timing diagram or
state table.

Note that the trigger position is at location 512 in memory and that the trigger is enabled
after the pre-trigger memory is full (see Figure 2-5). This means that the 1230 will not
start looking for condition A (our trigger condition} until after enough data has been
acquired to fill 511 memory locations.

The lower section of the Run Control Menu controls data comparison, a feature we will
not use in this example.

S$AT, FEB 27, 1988 15:5¢ -DEFaULY
Update Newory : [EE Display: [Timingl
Trigger Position: (@512] e 12K

Look for Trigger: [After Ppe-Trigger Memory Fulll

Conpare ¢ [Manuall
Compare Memory I to Memory: [2]

Conpare Nem Locations: 10098]) to [2047]
lise Channel Mask 1 ]

Display Data at least: [5) seconds

CPh
Sunbol hex
fA ¢ nn

Cursor: Avqp Select: 8,2

Figure 2-5, Default Run Control.

ACQUISITION. To begin, press START. The 1230 begins acquiring data on the first
clock pulse after START is pressed. Once the pre-trigger memory is full, the 1230 starts
looking for the trigger. Since the trigger condition in this example is all don't cares
(basically, trigger on anything), the 1230 will trigger on the first data sample after it starts
looking for the trigger. The trigger will be positioned at memory location 512. When
enough data has been acquired to fill Memory 1, the acquisition stops and data is
processed for display.

DATA DISPLAY. Once the acquisition is complete, data is displayed in the Timing
Menu (see Figure 2-6). If you compare the digitized waveforms on the screen with the
same traces in the tests card’s timing diagram (Figure A-1 on the pull-out page}, they
should be very similar. Pay particular attention to the “walking bits” on channels GPAQ7
through GPA0O. We will be looking at these same channels in part B of this example and
it will help if you remember the stair-step pattern of their transitions.
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SAT, FEB 27, 1968 13:51 -DEFAULY
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Func:F Resolution:qd,5 [ 96 1 Scroll Rate:7,8 [ 96 1

Figure 2-6. Timing Menu shows data from Example 1.

The menu bar at the bottom of the screen lists functions available in this menu. Pressing
F changes the menu bar so that it lists additional functions. The following steps wili take
you through the some of the more common things you might want to do in the Timing
Menu.

1. MOVING THE DATA CURSOR. Press the right and left arrow keys a few times (the
menu bar at the bottom of the screen will remind you which keys perform which
functions). Notice that this moves the data cursor to the left or right one graticule

mark at a time.

Each mark represents one clock pulse so that you are moving the cursor by one
data sample at a time. The actual number of the cursor position is shown in the
Cursor field above the traces. This number changes every time you change the

cursor position.

Another way of locating the cursor position is to look at the memory domain
indicator. This bar represents the whole active memory. A vertica! line within the bar
shows the relative location of the cursor. A small T shows where the trigger location
is. .

2. SCROLLING THE DISPLAY. Press the up and down arrow keys a few times. This
scrolls the display a whole screen at a time. The cursor stays in the same position
on the screen, but the data moves by as many locations as are selected in the menu
bar's Resolution field.

3. CHANGING THE RESOLUTION. In the Timing Menu, the resolution is the number
of data samples {or clock cycles) displayed on the screen at one time. Press F (for
Function) until one of the functions listed in the menu bar is Resolution.

Press 5 o change the resolution of the screen. At a resolution of 2048, several of the
fiming traces are so0 condensed that they appear as solid bars.

Press 4 until the resolution is 6. At this point so little data is on the screen at any time
that it becomes difficult to see relations between the signal transitions. Picking the
proper resolution can make viewing data much easier. Press 5 unitil the resolution is
once again at 96. Notice that the resolution setting in the menu bar changed as you
pressed 4 and 5.
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4. MEASURING THE TIME BETWEEN SAMPLES. In addition to the data cursor, the
1230 provides a reference cursor to allow you to measure the time elapsed between
two data samples. The reference cursor is marked by a dashed vertical line and its
position is shown in the Ref field near the top of the menu. Press ENTER. This sels
the reference cursor at the same location as the data cursor. Note that the Ref to
Cursor field is set to zero. Press the right arrow key to move the cursor away from the
reference position marked by the dashed line. See how the Ref to Cursor field
changes.

5. LOCATING THE TRIGGER. The trigger position is marked with a T right above the
traces. There are two ways to locate the trigger. One way is to hold down the arrow
keys until the cursor scrolls to it. You can tell how far there is to go by looking at the
memory domain indicator bar. The other way (which is often faster} is to locate the
trigger in the State Table Menu first. To do this, press MENU followed by 7 to move
to the State Menu (see Figure 2-7). Press F until one of the items in the menu bar is
Search for. The item in brackets should be Trigger (otherwise, press 0 or 2 until
Tigger comes up). Press 1 to start the search. The cursor will move to the trigger
location. Press MENU, followed by 9, to move back to the Timing Menu. The cursor
will still be on the trigger position.

SAT, FEB 27, 1988 15:52  -DEFAULT
FLOCIRICRAECIR ST, S5 e T o o e D L I

hex
8582 7383
8583 7383
@584 7383
@585 7383
566 FEOL
@587 FEBL
8588 FEBL
@589 FEsL
8518 FESL
@511 esee

Hi3 @508
9514 9500
8515 e5ea
9516 85ee
0517 8580
@518 8580
1% 8580
@520 8580
8521 45C

Search for: 8,2 [Trigyer 1 Do Search: 1

Figure 2-7. State Menu shows data from Example 1.

1B. Varying the Clock Rate

For this part of the example we want to look at the effects of changing the asynchronous
clock rate. The acquisition setup will be the same as was used in part A with the
following exception: In the Timebase Menu, change the clock rate to 20 ps. To do this,
enter the Timebase Menu and place the cursor on the Rate field. Then, press 0 or 2 until
20 us is selected.

Press START to acquire new data. The acquisition will be the same as in part A, except
that the sampling rate will be different.

Note that the data display is too crowded to be easily viewed. Press 4 until the resolution
is such that you can see when transitions on different channels occurred in relation to
each other.
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Look at channels GPAQ7 through GPAQQ. It appears that many of the transitions on
these channels occurred at the same time. However, if you recall the “walking bit”
pattern they formed in part A, you know this isn't actually the case. What has happened
is that you have acquired data with a sampling rate that is too slow. Each data sample is
like a photograph of the circuit's state at a given point in time. If you don't take a picture
often enough, you miss a lot of states,

To ensure that every high and low transition is captured, you want your sampling rate 1o
be at least twice as fast as the fastest frequency of data being sampled. For better signal
resolution, the sample clock shouid be ten or more times faster than the data rate. For
example, the oscillation frequency of the test card is approximately 200 kHz. So, when
you acquired a data sample at 1 p in part A, your sample clock was about five times
faster than the test card’s frequency (200 kHz x 5 = 1 MHz or 1 ps).

Next we'll make an acquisition with a clock rate that is too fast. Change the rate in the
Timebase Menu to 80 nS. Then, press START to make the acquisition.

Note how far apart transitions are on the screen. lt's very hard to see relationships
between events on various channels if you can't see them on the screen at the same
time. In this case, you can change the resolution to 2048 and be able to see the pattern
on channels GPAQ7 through GPA0D. However, if you sample at a fast rate, you fill
memory more quickly, thus reducing the total time over which you can aquire and store
data. This loss can be important if the event you wish to observe does not occur
frequently.

EXAMPLE TWO

OVERVIEW. Digital systems can generate millions of states in just a few seconds. Since
analyzers cannot store all this data (and you wouldn't want to sort through it even if they
could), they have the ability to recognize and trigger on a specific data pattern. This lets
you select your observation window so that only data you are interested in gets stored.
A trigger might be a rising or falling edge on a single input, but a more useful trigger is
often a combination of highs and lows across many parallet channels.

In Example 1, we acquired data asynchonously with a don't care trigger condition. In
this example, we will make a synchronous acquisition using a signal from the SUT as
the acquisition clock. We will also choose a specific combination of high and low signals
(we call this an event or word} to be the trigger condition. Except for adding a clock line,
the connections to the SUT will be the same as they were in Example 1; however, we will
change the channel grouping to make the data acquired more meaningful.

This type of circuit measurement has a great many different applications in digital logic
systems. For example, suppose you wanted to look at the activity on a data bus
immediately after a write enable has occurred. To do this, you would group all the
control ines into one channel group and alf the data bus lines into another. Then, you
would set up the logic analyzer to trigger on the write enable event. This would allow you

~to W the data you were interested in.

While only one clock signal from the SUT is being used in this example, you may have
noticed that the probe has inputs for four clock signals: two high and two low. High
clock inputs cause data to be acquired when the signal goes from a logic low to a logic
high. We call this acquiring on a rising edge (by the way, this is what the 1230 does
when acquiring asynchronously). Conversely, the clock low inputs cause data to be
acquired on a falling edge (a transition from logic high to logic low). If you connect more
than one clock o a probe, they are ORed together. That is, data is acquired whenever
an appropriate transition occurs on any clock line.
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After completing this example, you shouid know how to:

group channels

define trigger conditions

save an instrument setup and protect it

make a synchronous data acquisition

use the major features associated with the State Table Menu

PROBE CONNECTIONS. The connections used in this example are the same as those
used in Example 1, except that you need to connect a probe clock line since this is a
synchronous acquisition. To do this, perform the following:

1.
2.

Turn off the test card.

Twist the red CLOCK HIGH lead and the orange GND lead around each other as
shown in Figure 2-8. Twisting the leads together reduces signal noise. It is only
absolutely necessary at clock rates faster than 15 MHz; however, it's a good habit to
get into,

Connect a CLKHIGH lead to the CLK1 pin on the test card and the ground to a pin
labeled GND.

Making sure the 1230 is already powered up, turn on the test card.

Figure 2-8. Connecting Clock and Ground Inputs.

INSTRUMENT SETUP. Starting with the default setup used in Example 1, make the
following setup menu changes. If you aren’t certain you have the default setup, re-load it
by simultaneously pressing NOTES and ENTER (to reboot the 1230), followed by D (for
Default).

NOTE

When a setup has been modified since being loaded, its name in the upper-
right corner on the screen is preceded by an asterisk.
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Timebase Menu — Change the timebase to Sync. Glitches should still be turned off and
the threshold voltage set to TTL (see Figure 2-8).

Channel Grouping Menu — Change the names of two channet groups (see Figure 2-

10). Call one of the groups TWD (for trigger word) and assign channels A7 through A0 to
it. Call the next group DAT (for data) and assign it channels A15 through A08.

SAT, FEB 27, 1988 15:53 [ -DEFAULY
(R T TR e T 2 e A o T o o E TR B Y 9 0y B

Loc  GPA
hex
@582 7383
]
85| Linked
g Probes TE Format Rate Glitch Threshold
es] BB 11 BT No  TTL +i.4V
8
8
85
3
(3
&
]
g A Select: 8,2
4
I " | change Links: 4,2
@528 9580
@52t 4508

Menu:MENU - Return:MENU twice New:MENU, then Hex Key

Figure 2-9. Timebase Menu showing Synchronous Clock
Format.

FRI, FEB 26, 1388 13 23 T -DEFAULY

Group Radix Pol 1B Channel Definitions
(THD) HEX + Ti ARRAAAAA
[aaticemezerer)

76343210

At HEX + Y1 ARARARAR
1i1111e8
54321898

GPC HEX

GPD HEX

[Frohe UNUSED CHANNELS
fi

Cursor:avy 4» Edit name:ENTER Pefault Groups:F

Figure 2-10. Channel Grouping for Example 2.

To change the name of a channel group, place the cursor on the name and press
ENTER. This puts the 1230 in editor mode. Use the up and down arrow keys to scroll
through the characters. Use the left and right arrow keys to move the cursor to a
different character position within the group name. Press ENTER when you have
finished changing the name.
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To defete a channel from a group, place the cursor on it and press 0. The menu bar at
the bottom on the screen will remind you which keys to press if you forget. Note that as
you delete each channel it gets listed as an unused channel at the botiom of the screen.
This allows you 1o quickly see which channels are not currently being used.

To add a channel to a group, place the cursor where you want it and key in the channel
number. If you are adding channels in order {as we are in this case), you can avoid
having to enter each channel number by pressing E. This causes the next unused
channel to be added to the group.

NOTE

A channel can only be assigned to one channel group at a time. To move a
channel from one group to another, you must first delete it. Then, it will be
listed as an unused channel and can be added to a group.

Conditions Menu — Change one of the default condition names to EVENT (see Figure
2-11). Set the value of the TWD group to 1Fre (if you look at the test card's timing
diagram, you can see that this state should occur). Leave the rest of the channel groups
all don't cares. The names of conditions are changed as described previously for
changing channel group names. Change another of the default condition names to
MASK. Leave all the channel group values Don't Cares. This group will be used in
Example 3.

Trigger Spec Menu — Check to make sure the 1230 is set to trigger and fill memory
when the event defined as EVENT (that is, 1Fne) occurs once (see Figure 2-12).

FRI, FEB 26, 1988 [NEIOESTISTY 13 24 T -DEFAUILY
Group Radix Pol TB Channel DPefinhitions :

D  HE ¢« T1 AGAAAAAA

900000

76543216

DAY HEX + TI ARAAARAR

i1111108

4321098
Synkol TMD DAY
hex hex
EVENT : fF W
IO o o
c 1+ B

A Edit Sywbol: DNTER
ar MWindow lip : F
v Hindow Down: €

Menu:MENU  Return:MENU twice New:MENU, then Hex Key

Figure 2-11. Conditions for Example 2.
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SAY, FEB 27, 1988 16:97 § -DERRILY
Level Condition Count Action Dest

1 IF AT 9091) THEN [ TRIG 1 & [ FILL ]

CONDITION:

Sumbol  hex hex
HENT 1F X

Cursor:avqr Select:8,2 Instruction:ENTER Advanced:l

Figure 2-12. Trigger Spec for Example 2.

Run Control Menu — In the Update Memory field, select 1. You want to keep track of
which of the four memories you are using because it will be saved for use as a reference
memory in later examples (see Figure 2-13}.

Change the Display field to State. The 1230 should be set to look for the trigger After Pre-
Trigger Memory Full.

TRI, FEB 26, 1988 13:25 [ -DEFAULT
Ipdate Menory Display: [Statel
Trigger Position: [@512) el T ) 2x

Look for Trigger: [After Pre-Trigger Memory Fulll

Compare i EManuall
Compare Mewory 1 to Mewory: (2]

Conpare Men Locations: [0888] to [2047]
lise Channel Mask t [EVENT }

Display Data at least: [5] seconds

THD DAY
Synbol hex hex
EVENT : IF W

Cursor: Av4r Select: 8,2

Figure 2-13. Run Control for Example 2.

2-12



Example Two

NON, JAN 89, 1998 €50 SET THO

1 NICROCRX TUE, FEB 16, 1588 11:89 Yes TEED

»2 SEY THG TUE, JAN @3, 1928 05:49 VYes §

3 NDMTSIZ THU, FEB 18, 1988 14:48 VYes

4 L4 NOM, JéN G2, 19080 82:44 VYes J

S DUALTE FRI, FEB 12, 1988 @6:15 No i

6 Ki2 NON, FEP 22, 1988 12:32 Yes TN

7 GLYCHYSY mON, FEB 15, 1988 18:16 VYes T3 [

8 SANDY MON, JAN @9, 1988 @3:36 No ﬂ
fotive Setup! [SET THO 1 Protection: [Yes]

Select Setup!s v Load: B ~ Save:?2

Figure 2-14, Storage Menu shows Setup Twe saved.

Storage Menu — Since this same instrument setup will be needed for several other
examples, you may want to save it now. This will keep you from having fo set it up again.
The Storage Menu is shown in Figure 2-14. To save the setup, do the following:

1. Place the cursor in the Active Setup field at the bottom of ihe list.

2. Press ENTER to enter editor mode. Enter a unique name for the setup such as SET
TWO for the setup used in Example 2. Use the up and down arrow keys to scroll
characters through the field and the left and right arrow keys to move the cursor
within the field. Pressing X will give you a blank space in the name. Press ENTER
when you have finished changing the setup name.

3. Place the cursor on the Protection field and press 0 to change the selection to Yes.
This will prevent any modification 1o the stored setup.

4. Pressthe up and down arrow keys untit the arrow on the screen points to the setup
you want to replace with the current one. Figure 2-14 shows it saved in position 2.

5. Press 2 to save the setup. Then, press ENTER to confirm that you really want to
save it.

ACQUISITION. Once you have made the required changes 1o the instrument setup,
press START to begin acquiring data. The 1230 acquires data until the pre-fill memory

NOTE

If the Acquisition Status Menu flashes a Slow Clock message, check your
probe connections, especially the GND and CLOCK leads. The white lead in
the clock lead set is a qualifier, not a ground. If it is connected to ground, the
1230 will not see the clock pulses from your SUT.

DATA DISPLAY. In Example 1, we looked at data in a timing diagram format. Each
channel was viewed individually as a waveform over time. In this example, we are
looking at data in state table format (see Figure 2-15). Instead of seeing a waveform for
each channel, what we see are numerical representations of channel group values, one
set of values for each memory location. By default the values are displayed in a
hexadecimal radix.
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FRI, FEB 26, 1988 13 28 3 -DEFAULY

hex hex
Gz B8 85
5 8 46
e564 B CE
@585 Fe 23
@586 M A3
ese? FC 63
gsee FE KK
@ses FF 15
@518 F %
@51 3F 55

1F—DE
8513 OF 33
B4 7 BN
8515 W3 71
@516 81l FE
@17 o 65
518 80 85
8519 ¢8 45
8520 E8 CE
@521 F@ 23

Func:F Scroll:aw Cursor:< Jump:ENTER  Radix:E

Figure 2-15. State Display for Example 2.

The following steps will take you through some of the more common operations you
might wish to perform in the State Menu.

1. MOVING THE DATA CURSOR. Press the left and right arrow keys a few times. Note
that this moves the data cursor one memory location at a time. If you know what location
you want to look at, you can jump directly to it by pressing ENTER and typing in the
location number. Try this by pressing ENTER and typing in 0512, the location that we
know from the Run Control Menu will contain the trigger. Note that TRIG is now the first
location at the top of the screen.

2, SCROLLING THE DISPLAY. Press the up and down arrow keys a couple of times.
Note that the cursor stays in the same place on the screen but the data scrolls up or
down by a set number of memory locations. To change the scroll rate, press F until one
of the fields in the menu bar is Scroll Rate. Press 7 or 8 until the field matches the

number of locations you want the display to move each time the arrow keys are
pressed.

3. CHANGING THE DISPLAY RADIX. The default channel group values are shown in
hex. However, if you would rather view data in a different radix, you can change it. For
example, let's change the radix of the TWD group to binary. Press E to enter screen
editor mode. Use the arrow keys to move the cursor to the radix field for TWD. Press 0
until the radix is BIN. Press ENTER to exit editor mode.

4, SEARCHING. The 1230 allows you to search for the beginning or end of the
acquisition, for the trigger location, or for any event defined in the Condition Menu. As
an example, let's look for the end of the acquisition. Press F until one of the fields in the
menu bar is Search for. Press 0 until Acq End is selected. Press 1 to start the search.
Note the cursor is now on location 2047, the last location in Memory 1.
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Comparing Two
Acquisitions to
Each Other

EXAMPLE THREE.

OVERVIEW. In this example, we will create a malfunction on the test card by shorting
the inputs to a NAND gate together. We will then acquire data using exactly the same
setup as was used in Example 2. By comparing the data acquired in each of these
examples, we will be able to locate the source of the test card malfunction.

Comparing the output from a known good circuit (reference memory) to the output from
a circuit you are unsure of {acquisition memory} is one of the most useful troubleshoot-
ing methods available 1o you. Not oniy does the 1230 allow you to look at the outputs
from two circuits, but it will do the actual comparison for you. When you compare two
memories, the locations where the acquisition memory differs from the reference
memory will be dim in the state table.

After completing this example, you should know how to:

load a previously stored setup

select a different memories for storing acquisitions
compare different acquisitions

mask channels

PROBE CONNECTIONS. Connect the probe leads to the test card exactly as in
Example 2. Additionally, you must short together U2 inputs 1 and 2. There are two ways
to do this. The best way is to use a lead with grabber tips on both ends (such as the
white lead that came with your 1230) to jumper pins 13 and 14 on U5, the74HC 161 chip
(see Figure 2-16).

av
90 - 150

2 _2%rs sasis Sesessri S emBanEy OGP EES

o8

:

Figure 2.16. Test Card showing U5 pins 13 and 14 shorted.

Anather way is to jumper the pins labeled Bit0 and Bit1. If you do it this way, make sure
that the lead set connections to those pins are still solid.

INSTRUMENT SETUP. The acquisition setup used in this example is exactly the same
as that used in Example 2, except that a different memory will be used to store the
acquisition. This is to avoid overwriting the acquisition from Example 2 which is needed
for use as a reference memory.
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If you saved the setup from Example 2, you can reload it from the Slorage Menu. Call
the Storage Menu by pressing MENU, followed by B. Press the up and down arrow keys
until the arrow points to the setup saved in Example 2 (we called it Set Two). Then press
0 to load it. The 1230 will prompt you to press ENTER to confirm the overwriting of the
current setup.

If you didn't save the setup, you will have to make the menu selections individually. Go
back and foliow the Instrument Setup instructions given in Example 2.

Once the setup is the same as was used in Example 2, make the following menu
change:

Run Control — Select 2 in the Update Memory field (see Figure 2-17). This will cause
the acquisition to be stored in Memory 2.

FR1, FEB 26, 1988 13 39 J SET THO
Update Memory + [21 Display: [Statel
Trigger Position: [@512] e i 2%

Look for Trigger: [After Pre-Trigger Hemory Fulll

Compare i [Manuall
Conpare Memory 2 to Nemory: [1]

Conpare Men Locations: {09991 to [2047]
Use Channel Mask H

Display Data at least: [3] seconds

IHD DAT
Synbol hex hex
MASK HE - S ¢ |

Cursor: Avar Select: 8,2

Figure 2-17. Run Control for Example 3 shows Memory 2
selected.

ACQUISITION. Once you have made the required changes to the instrument setup,
press START to begin acquiring data. The 1230 will acquire enough data to satisfy the
pre-fill memory requirements. It will then start looking for EVENT. When the condition is
found, the 1230 wil! trigger and fill post-trigger memory. The data will be displayed in the
State Menu.

MEMORY COMPARISON AND DATA DISPLAY. At this point, Memory 1 should
contain good test card output and Memory 2 should contain output showing errors
introduced by having two lines together. The next step is to compare the two memories
and see how the 1230 can help you locate the short.

Memory comparison is controfied from the lower portion of the Run Control Menu (see
Figure 2-17). Enter this menu and make the following changes:

+ Select 1 as the memory compared to Memory 2. The number in the Compare
Memory field is the current acquisition memory. the same as is selected in the
Update Memory field in the upper portion of this menu.
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« Set the Compare Mem Locations field for 0000 to 2047 so that we will be
comparing all memory tocations. To do this, place the cursor on the field and press
ENTER to get into edit mode. Key in the desired number, then press ENTER to exit
edit mode.

+ In the Channel Mask field, select the condition we calied MASK.
« The Compare field should be left on Manual.

Now, we're ready to run the comparison. Go back to the State Menu and press F until
one of the fields in the menu bar is Compare Mem. This field should be followed by 2-1,
indicating that Memory 2 will be compared to Memory 1.

The #Diff field in the menu bar shows how many differences were found. This field
should be all zeroes since we haven't actually run the comparison yet.

The rightmost field in the menu bar, Mem, allows you to switch between the Display
memory (Memory 2, in this case) and the Reference memory (Memory 1). Which
memories are used depends on the selections made in the Run Control Menu.

To run the comparison, press C (for compare).

Note that nothing appears to have happened. All the memory locations are still in
regular video and the #Diff field is still zero. This would seem to indicate that the two
memories are identical. However, we know this cannot be the case since we shorted
two lines together.

The problem is that we didn't change the comparison mask. Look at the Conditions
Menu. The event we defined as MASK (and used in the Run Control Menu) is still set to
the default of all don’t cares. Any channel containing an X is masked. In other words, it is
ignored in the memory comparison. So what we did was run a comparison on no
channels.

The pins shorted together were selected so as not to affect our trigger word (TWD) so
there is no reason to unmask those channels. However, we should compare all the
channetls in the DAT group. Do this by changing the group value of DAT in MASK 10 FFex
as is shown in Figure 2-18. This places the equivalent of a binary 1 on each channel.
Any value other than X on a channe! will cause it to be included in the comparison.

TR, FEB 26, 1988 13:41 J SET THO

hex
IENT :IF @
HSK o Fr
c o D 4 |

a Edit Synmbol: ENTER
4 MWindow Up : F

v Mindow Down: C
WJEI W &3

Menu: MLNU

Return:MENU twice  New:MENU, then Hex key

Figure 2-18. Conditions Menu shows all channels in
MASK marked for inclusion in the memory
comparison.
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Go back to the State Menu and press C to run the comparison. There will now be dim
Iocations in the State Table where memory differences occurred in the DAT group (see
Figure 2-19}.

NOTE

To change the dim locations back to regular video, return to the Run Controf
Menu and compare the memory {o itself.

FRI, FEB 26, 1988 State: Memory 2 13:42 § SET THo

hex hex
256z 8o #3
[*<1" <] CE

Func:F Compare Mem 2-1:C #Diff @48%6 Mem:X[Displaul
Figure 2-19, State Table contains dim locations where
memory differences occurred.

Switch to the Timing Menu by pressing MENU, followed by 9. Note that traces for
channels DAT0O7 and DATO06 (leads D15 and D14) always change states at the same
time, clearly showing they are tied together (see Figure 2-20).

SAT, FER 27, 1983 16:20 § -DEFAULY
Tl fisyn 1§ S Curi@ | 1 ] 2k
Ref = 931 Cursor = 3512 Ref to Cursopr = -419p6

3

NEFFISH LSRERA RS ERERT IR DTS (LTI LT st N

HDE 1

EE

P =
=
=
s

I

m 4]

|z =
L= =] =g
L1l Kl
=] =

=
-
=
-3

i
L
L

(L

1{

|

LL

L3
—
=

) 1o;
10|
1AL
oo el 11401)

£
—
=

Func;F Curcor:4» Scrolliaw Set Ref!ENIER

Figure 2-20. Timing Diagram shows DATO7 and DAT06
tied together.
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Example Four

RUNNING AN
AUTO
COMPARISON

EXAMPLE FOUR

OVERVIEW. In Example 3, we compared an acquisition from a known good circuit to
one known to be malfunctioning. In this example, we will run a similar comparison. The
difference is that the comparison will take place while the data acquisition is underway.
We will acquire data from the test card containing a short as in Example 2. The 1230 will
compare the acquired data to the known good reference memory.

Acquisition will continue as long as the memories are unequal. Part way through the
acquisition, we will remove the jumper on the test card, thus fixing the circuit malfunc-
tion. When the memories are the same, the 1230 will stop acquiring and display data.
We will do this twice: once displaying data in the State Menu and once in the Timing
Menu.

Acquiring data in Auto mode is often used in parametric testing when the your objective
is to verify that circuit components meet their specifications (i.e., threshold sensitivity,
rise and fall times). Auto mode is also useful in calibration as it allows you to see the
effect of the adjustments you are making while you are making them.

After completing this example, you should know how 1o:

run an auto comparison
set a comparison mask
change the data display update rate
change when the trigger is enabled

4A. Running an Auto Comparison

PROBE CONNECTIONS. Initially, the probe connections and jumper should be exactly
as they were in Example 3.

INSTRUMENT SETUP. Following the instructions given in Example 3, load the setup
SET TWO saved in Example 2. If the setup was not saved, foliow the instrument setup
instructions given in Example 2. Once the setup is the same, make the following menu
changes.

Conditions Menu — Change the DAT channel group of the condition MASK to FFrer 50
that all DAT channels will be compared (see Figure 2-21).

Run Control Menu — Change the memory to 3 so that the previously acquired data will
not be overwritten (see Figure 2-22).

Set the compare field to Auto.
Select 1 as the reference memory compared to Memory 3.

Select Display and Stop as the action performed when memories are
equal. Select Display and Reacquire when memories are unequal.

Select MASK in the Channel Mask field.
Change the display rate to 1.
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FRI, FEB 26, 1989 13:48 J SEY THO

Update Mewory : [32 Display: [State)
Trigger Position: [8512] e[ 1 ] 2k
Look for Yrigger: [After Pre-Trigger Mewory Fulil

Compare 1 [Aute]

Synbol THD DhT

hex hex
T ™ FF
c D + S + |
) H o S ¢ |

a Edit Synbol. EMTER
4 Mindow llp : F
v Window Down: C

Return:MENU twice New:MENU, then Hex Key

Menu: MENU

Figure 2-21. Conditions Menu shows the comparison
mask to be used in the auto compare

acquisition,
FRI, FEB 26, 1989 13:49 3 SET THO
Update Memory  [3] Display: [Statel
Trigger Position: [8512] el | 2x

Look for Trigger: [After Pre-Irigger Memory Fulll

Compare 1 [futol)
Compare Mewory 3 to Mewory: I1]

Mhen Memories Equal : [Display and Stopl
Mhen Mewories Unequal: [Discard and Reacquirel

Conpare Wen Locations: (008881 to [2847]
lise Channel Wask 1 [MASK ]

Display Data at least: seconds

IMD DAY
Synbol hex hex
HASK o FF

Cursor: Avdr Select: @,2 g

Figure 2-22. Run Control Menu shows selections for
running an auto compare acquisition.

ACQUISITION AND DISPLAY. Press START to begin acquiring. The data should be
displayed in a state table that gets updated every second. Note that this is a littie fast to
be able to see much of the data.

Press STOP to end the acquisition.
Return to the Run Control Menu and change the display rate to 7 seconds.

Press START to begin a new acquisition. Now that the screen only gets updated every 7
seconds, you should have time to look at the data. Notice that locations where memory
differences were found are dim. ‘
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While data is still being acquired, pull the jumper off the test card. The 1230 will stop
acquiring and display the latest acquisition (recall that this is the action we selected in
the Run Control Menu for equal memaries). Since the aquisition memory now matches
the reference memory, the data displayed no longer contains any dim locations.

4B. Triggering Continuously

PROBE CONNECTIONS. The connections should be the same as in part A, Re-
connect the jumper across U5 pins 13 and 14.

INSTRUMENT SETUP. Set up the Run Control Menu as follows (see Figure 2-23). The
rest of the menus should be left as they were in part A.

» Select 3 in the Update Memory field.
s Change the Display field to Timing.

« Change the Look for Tiigger field to Continuously. Note that this caused the
Compare field to switch to Manual. Looking for the trigger continuously and
running an auto compare are contradictory operations.

» Compare Memory 3 to Memory 1 as in part A.
» Select MASK as the channel mask,

» Change the display rate to 1 second. This will make the change more obvious than
if you select a slower screen update rate.

FRI, FED 26, 1988 14:13 § SET TR0
Update Mewory : [ER Display: [Timing}
Trigger Position: [@512) e 1 ] 2k

Look for Trigger: [Continucuslyl

Compare + [Manuall
Compare Mewory 3 to Mewory: 1)

Compare Men Locations: [9988] to 120471
Uise Channel Mask N1 1

Display Data at Jeast: [L] seconds

WD DAT
Sunbol hex hex
MASK ' X FF

Cursor: Ay4p Select: 8,2

Figure 2-23. Run Contro! Menu shows selections for
making a continuous acquisition.

ACQUISITION AND DATA DISPLAY. Press START to begin acquiring. The 1230
begins acquiring data continuously. The timing diagram on the screen is updated every
second. Pay particular attention to traces DATO7 and DATO6. These are the bits that are
tied together so that they always change states at the same time.

Now, while watching traces DAT07 and DAT0S, remove the jumper. Note the change in
these two traces. Now DATO7 goes through twice as many transitions as DATO6.

Press STOP to end the acquisition.
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Example Five

Verifying the
Functionality of
a Logic Gate

EXAMPLE FIVE

OVERVIEW. In this example, we will perform a functional test on the NAND gate that
was shorted in Examples 3 and 4. We will change the channel grouping so that data
displayed in the State Menu iooks like a truth table for the gate. In the Timing Menu, we
will turn off channels we are not interested in.

Verifying the functionality of a circuit component with a logic analyzer is usually easy. In
this case, for example, all we have to do is connect leads to the two inputs and the
output of the NAND gate. Looking at the data from these three channels, it will be
immediately obvious whether or not the gate performs as it should. Even a simple test
like this one is difficult, if not impossible, to do with an oscilloscope.

With a scope, you would have to look at each of the inputs and the output separately.
After which, you would still not know exactly when the signals occurred in relation to
each other. Even with a dual-channe!, storage oscilloscope, confirming the gate's
functionality would be much more difficult than with a logic analyzer. Still, it could be
done. However, can you imagine how many measurements you would have to make to
test even an B-bit, let alone a 32-bit, microprocessor? With a logic analyzer, you would
be able to simultaneously monitor all the inputs and outputs. Oscilloscopes are usefulin
testing analog circuits when you need 1o see the actual voltage levels on only a few
channels, but testing digital logic systems requires the power and flexibility of a logic
analyzer. )

Another advantage that logic analyzers have over some other measurement instru-
ments is their ability to trigger on specific events. This allows you to store only data
surrounding phenomena you are interested in. Reducing the amount of data you have
to acquire in order to capture a specific event lets you do more with less memory and
saves you from having to search through irrelevant data.

After completing this exampte, you should know how to:

group channels

change channel group radixes

define conditions

change the display radix in the State Menu
turn off unwanted traces

search for conditions in the State Menu

PROBE CONNECTIONS. Use the same connections 10 the test card as were used in
Example 2.

INSTRUMENT SETUP. Start with the instrument setup saved in Example 2. Instructions
for loading a stored setup are given under Instrument Setup in Example 3. If the setup
was not saved, follow the instrument setup instructions in Example 2. Starting with this
setup, make the following menu changes.

Channel Grouping Menu — Leave the TWD channe! group as it is. Change the name of
the DAT channe! group to IN and assign it channels A15 and A14, the inputs to the NAND
gate (see Figure 2-24). Call another channel group OUT and assign it channel A0S, the
NAND gate’s output. Change the radix of both of these groups to BIN.
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FRI, JAN 13, 1990 [TTYIMCONTITON  o4:29 O SET TWo

Group Radix Pol TB Channel Definitions
T HEX + T1 ABAARAAA
20090008

76543218
IN BIN  + T1

i

H1 ]
T BIN + T R

a4
GPI  HEX

Probe UNUSED CHANNELS -
] 13 12 11 18 @9

Cursor:av 4« Select:A-D MNext Ch:

I Insert:l Delete:@

Figure 2-24. Channel Grouping Menu shows input chan-
nels grouped together with a separate group
for the output.

Conditions Menu — Change EVENT so that we will be triggering on both channels of the
IN group being high: TWD and OUT shouid be all Xs and IN should be 11.

Set up three other condition symbols to cover the other possible states for the input to
the NAND gate. Call them 10, 01, and 00 and assign corresponding values to the group
IN {see Figure 2-25). if you press F in this menu, it will expand, allowing you to view more
conditions at a time.

FRI, JAN 13, 1900 [EETTTTEEYITIOCE €5 37 [ SET Tho

Group Radix Pol TB Channel Definitions
TWD HEX + I1 AARARGAA
]

76543218
IN OBIN ¢+ T R
11
L CONDITIONS 4
Synbol  TWD IN our
hex bin bin
EVENT @3¢ 11 X
10 P XX te X
ot i 0 et ¥
®© P 08 §

i Enter Word: Hex Pad, ¥ (Don’t Cape)

Menu:MENU  Return:MENU twice New:MENU, then Hex Key

Figure 2-25. Conditions Menu contains a symbol for
every possible input to the gate.

Run Control Menu — Select After Pre-Trigger Memory Full in the Look for Trigger field.
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2-24

ACQUISITION AND DISPLAY. Press START to begin the acquisilion. The 1230
acquires data until the pre-fill memory requirements are met. It then starts looking for 11
on the IN channels. When it occurs, the 1230 triggers, fills memory, and displays the
data in the State Menu {(see Figure 2-26).

FRI, JAN 13, 1900 86:55 § SAMDYS

b

®

-

[ -]
Y Ll it I

11—8@

s
=y
-3
&
- D) b bt b @D b bt B

Select Group:BIGUT]) Select Radixi2ibinl Exit:ENIER

Figure 2-26. State Menu shows gate inputs and output
displayed like a truth table. The menu bar
shows fields which appear when E is
pressed to change the display radices.

Since we are only interested in the channe! groups IN and OUT, the data from TWD is
unnecessary and it clutters up the screen. To turn off the display of this group, change
its radix to off. To do this, press E. The fields in the menu bar will change to Select Group
and Select Radix.

Press 0 until the group selected is TWD. Then, press 2 until off is selected as the radix,
Press ENTER. The TWD group is no longer displayed (see Figure 2-26).

Move the cursor to the trigger location. The easiest way to do this is to press F until one
of the fields in the menu bar is Search for. Select Trigger in this field.

The IN and OUT channel groups form a truth table for the NAND gate. Whenever the
value of IN is 11, OUT is 0. For every other combination of IN states, QUT is 1. This is
exactly what should be seen for a properly functioning NAND gate.

Change to the Timing Menu by pressing MENU, followed by 9. Locate the two IN traces
and the OUT trace. Note the NAND relation between their waveforms (see Figure 2-27).

Since we are not interested in the traces from the TWD channel group, turn off their
display by doing the following:

1. Press E to edit traces. The fields in the menu bar will change to show you several
editing functions.

2. Press D to select Edit Label as the function being performed. The menu bar will
change again.

3. Use the up and down arrow keys to move the cursor to the trace you don't want to
view. Then, press 3 to turn off the trace.
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Counting Events

FRI, I8N 13, 1990 [ Tining: Memery § | 86 56 O saMmys
Il Sync Cur:8 | : ) 2k
Ref = 194 Cursor = 512 Ref tc Cursor - ¢ 318 Ci
K

L D B} b ] L] ] 1 L} [ | III|lIII|l|
i-—J_'__i__.____I__—_U
__r—————L_____r——n
gy ] 0 ——
14134
___J_'___T____J—l
gy —t+——
gL r——T
_L__.__r—_‘—l..____l
mnmmmx
mm_l_‘MI

8 - -

)

Func:F Cursori«» Scrolliay Set Ref:ENTER

Figure 2-27. Timing Menu shows NAND relation between
inputs and output.

EXAMPLE SIX

OVERVIEW. In all the examples so far we have used the same trigger specification. We
set the 1230 up to trigger whenever the condition we defined as EVENT occurred. In this
example, we will trigger the 10th time an event goes true instead of the first. Choosing
different trigger positions, we will repeat this acquisition several times. We will also
experiment with changing the Look for Trigger field to Immediately,

This type of measurement is useful if the data surrounding a specific occurrence of an
event is what you are really interested in, not just whether or not the event occurs. For
example, suppose you are running a program that crashes every 10th time it calls a
particular subroutine. A problem of this nature can be very difficult to troubleshoot since
it works fine nine out of ten times. In this case, the data around that troublesome 10th
iteration is what you want to look at. Or, maybe you suspect that the problem is due to
something that happened during the 9th iteration which made it impossible 1o execute
the subroutine a 10th time. In this case, you would set your logic analyzer up to trigger
on the 10th occurrence of the event that calls the subroutine. You would set the trigger
position such that the 9th occurrence would also be acquired.

After completing this example, you should know how to:

» use the trigger spec lo count events
+ change the position of the trigger in memory
+ set the 1230 to look for the trigger immediatety

6A. Varying the Trigger Position in Memory
PROBE CONNECTIONS. Connect the probe to the test card as in Example 2.

INSTRUMENT SETUP. Start by loading the default setup. To do this, simultaneously
press NOTES and ENTER, followed by D. Then, set the menus up as follows.

Timebase Menu — Make no changes to this menu. The timebase should be Async at a
rate of 1 us.
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Channel Grouping Menu — Define two channel groups. You can leave them with the
default names of GPA and GPB. Assign channels A07 through AQO to GPA and
channels A15 through A08 to GPB (see Figure 2-28).

¥al, FEB 26, 1988 14:35 J -DEFAULY

Group Radix Pol TB Channel Definitions
GPA HEX + 11 ABAAARRA
EonEraen

76543218
CPBE  HDX + T1 AARARAAAD
111111
54321998
GPC  HEX
GFD KDY

m_mmmm_

Figure 2-28. Channel Greuping for Example 6.

Conditions Menu — Change one of the symbols to WORD. Change the value of GPAin
WORD to FFnex (see Figure 2-29). This is the condition we will use for our trigger event.

FRI, FEB 26, 1988 14 41 § -DEFAULY
Level Condition Count Action Dest

1 IF [RORD 130018 THEN [ TRIG 1 & [ FiLL ]

2
3
gL CONDITIONS |
Synbal GPh GPB
hex hex

HOED  HIB L
B H S ¢ 4
C S« S

a | Bdit Sumbol: INTER
4 Mindow ip : F

v Hindow Dowmn: €

Menu:MENU  Return:MENU twice  New:MENU, then Hex Keu

Figure 2-29. Conditions and Trigger Specification sets
the 1230 up to trigger on the tenth occur-
rence of WORD (FFnex).

Trigger Spec Menu — Select WORD as the condition if it is not already in the field.
Change the count to 10 (see Figure 2-29).
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To change the count, place the cursor on the field and press ENTER to enter editor
mode. Type in 0010 to set the count at 10. When you enter the number in the last digit
position of the Count field, the 1230 leaves edit mode and the cursor jumps to the
Action field. However, if you only change some of the digits in the Count field and the
cursor remains on it, you will have to press ENTER to exit edit mode.

Run Control Menu — Place the cursor on the Trigger Position field and press O until
1024 is selected. This places the trigger position in the middle of Memory 1.

ACQUISITION AND DIiSPLAY. Press START to begin acquiring. The 1230 acquires
1023 data samples, then begins looking for channels A07 through A00 being high.
When FF is found, the logic analyzer triggers and displays data in the Timing Menu.

The trigger position in the memory domain indicator bar is in the middle. Move the
cursor to the trigger position. Note that the cursor location field near the top of the
screen identifies the location as 1024, the position we selected in the Run Control
Menu.

in the Run Control Menu, change the Trigger Position field to 1920. This is the last
location the trigger can be placed in memory. Press START to make a new acquisition.

Place the cursor on the new trigger position. The cursor location will be atlocation 1920.

6B. Looking for the Trigger Immediately

PROBE CONNECTIONS AND INSTRUMENT SETUP. Use the same connections and
setup as was used in part A with the following exceptions: in the Run Control Menu,
change the Display field to State and the Look for Trigger field to Immediately. Leave the
Tigger Position at 1920 (see Figure 2-30).

TUE, JAN 10, 1980 10:58 J -DEFALLY
lipdate Mewory : [1] Display: [State)

Irigger Position: [1920] l T | 2K
Look for Iriggen:

Conpare ! [Manuall
Compare Mewory L to Memory: [23

Conpare Mew Locations: [0088]1 to [1792)
Use Channel Mask 1 [HORD ]

Display Data at least: IS] seconds

GPA CPR GPC
Sunbol hex hex hex
HORD + 000 0000 o

Cursor: Ay Select: @,2

Figure 2-30. Run Control Menu shows the trigger en-
abled immediately and the trigger position
set to location 1920,
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ACQUISITION AND DATA DISPLAY. Press START. The 1230 immediately starts
looking for WORD. When it occurs the logic analyzer triggers, fills post-irigger memory,
and displays data in a state table (see Figure 2-31).

FRI, FEB 26, 1988 15 83 § -bEFAULY
Loc  GPA GPB .

idlE FF 135
1921 FF 15
1922 FF 15
1923 FF 15
1924 FF 15
1923 W 9
1926 F 95
1927 W 95
1928 7F 95
1929 F 9
-1938—3F—H
1931 3F 55
1932 3F §5
1933 3F 35
1934 3F 55
1935 1F DE
1936 1F DE
1937 1F DE
1938 1F DE
1939 @F 33
Func:F Scrollias

T
b4
-]

Cursor: 4+  Jump:ENTER  Radix:E

Figure 2-31. State Menu shows the trigger event located |
at 1920.

Locate the beginning of memory. The fastest way to do this is to select Acq Beg in the
menu bar’s Search for field, then to press 1 to search for it. Note that the locations near
the beginning of memory do not contain valid data. Invalid data is indentified by dim
memory location numbers.

The reason so much pre-trigger memory was not filled is because the 1230 started
looking for the trigger immediately. When it was found, it was placed in location 1920
and the post-trigger memory was filied. The only pre-trigger memory stored was that
which occurred between the beginning of the acquisition and when the trigger condi-
tion was recognized. The rest of pre-trigger memory was not filled.
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Triggering on a
Sequence of
Events

EXAMPLE SEVEN

OVERVIEW. This example comprises two parts. In part A, we will set the 1230 up to
trigger on a sequence of different events. So far all our examples have used only one
trigger level. This one will use two. The 1230 allows you up to 14 levels in your trigger
specification.

In part B, we will use the same trigger specification as in part A, but we will use the EXT
HIGH input as one of the conditions in the trigger specification. The P6443's EXT inputs
are edge-sensilive as opposed to level-sensitive {as are the other inputs). That is, they
recognize when a signal goes high or low, not just whether it is high or low (see Figure

2:32).
croox J 11T

EXT HIGH ——righ g0ing edge makes EXT HiGH True
EXT LOW | Ja———Lowgoing edge makes EXT Lo True

Figure 2-32, Waveform shows when EXT HIGH and EXT
LOW are True.

Edge sensing capability is useful when you want to look for a transition on a single line.
For example, perhaps the event you want to trigger on is a Bus Grant Acknowledge
{BUSAK) that occurs after an NM! (non-maskable interrupt) from a peripheral device.
You could connect the EXT LOW input to the NM! line and use that as one trigger level
condition. Then, an additional trigger level could be used to recognize the BUSAK,

After completing this example, you should know how to:

» add trigger levels
» trigger on a sequence of events
*» use EXT lines to recognize an edge

7A. Two-Word Sequential Triggering

In this example, we will set up the 1230 to trigger if WD2 (0101 on channe! group GPB)
occurs after WD1 (1111 on GPA).

PROBE CONNECTIONS. Use the same probe connections as were used in Exampie
1. Remember, always power up the 1230 before turning on the test card.

INSTRUMENT SETUP. Start with the default setup. To load the default, simultaneously
press NOTES and ENTER, foliowed by D. Then, configure the menus as follows.

Timebase Menu — You don't need to make any changes to this menu.
Channel Grouping Menu — Assign channels A15 through A12 to GPA, channels A11
through A08 to GPB, and channels A07 through AOO to GPC as shown in Figure 2-33.

Remember, channels can only be in one group at a time so you have to delete them
from one group before adding them to another. Change the radix of GPA to BIN,
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2-30

$A1, FEB 27, 1988 11:@3 § -DEFAULY
Group Radix Pol TB Channel Definitions

BIN ¢+ T1 AAAR

11
9432

GPB HEX + 11 ARAA
1168
1898

GPC HEX + T1 RAAARARAA
BREERRPEE
76543218

GPD HEX

[}

Cursor:av 4»  Edit name:ENTER Default Groups:F

Figure 2-33. Channel Grouping Menu for Example 7A.

Conditions Menu — Change the symbol A to WD1 and define all the channels in the
GPA group as high (1111). This menu is shown in Figure 2-34.

FRI, JAN 13, 1988 86:@9 § -DEFAULY
Level Condition Count fiction Dest

1 iF LWL 1#{00811 THEN [ MOP 1 & [CONTIN]

2 IF {2 1»{0981] THEN { TRIG 1 & [ FILL ]

3

CONDITIONS

Synbol GPh GPB GPC
bin hex hex

10} N TEO U S » |
W2 b +1 - ST v
W3 19008 5 03

ar Enter Mord: Hex Pad, X (Don’t Care)

Menu: MENL Return:MENU twice New:MENU, then Hex Key

Figure 2-34. Conditions and Trigger Spec Menus for
Example 7A.

Change symbol B to WD2 and define GPB as 5nex, the hex equivalent of a binary 0101. In
other words, we are looking for the signals on A11 (BIT11) and A09 (BIT13) to be low
and the signals on A10 {BIT12) and A08 (BIT15) to be high. Lock at the test card’s timing
diagram, Figure A-1 on the pull out page, to see when this state exists.

Change symbol C to WD3. Define GPA as 0000¢ex, GPB as 5nex, and GPC as 00nex. In
other words, we are looking for all the channels to be low except'A10 and A08. This
condition wilt not be here; however, it will be used in subsequent examples.
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Trigger Spec Menu — This menu configuration is shown in Figure 2-34 along with a
flow chart describing it (see Figure 2-35). Program the first level so that the Condition is
WD1, the Count is 1, the Action is NOP, and the Destination is CONTIN, Basically, we are
telling the 1230 to do nothing and continue when WD1 occurs.

Add a second trigger level by moving the cursor down to 2 and pressing ENTER.
Program this level so that the Condition is WD2, the Count is 3, the Action is Trigger, and
the Destination is Fill. This level will cause the 1230 to trigger and fill memory when WD2
occurs for the third time.

()

Acquire enough data
to fill pre-irigger memory

]

r—— Acquire a sample

Level 1
m a
yes
Continue 1o Level 2
(requires 2 cycles)
-— g Acquire a sample—lq—-
Level 2

Trigger & Fill
Memory

Figure 2-35. Flow chart shows the trigger sequence
specified in Figure 2-34,
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2-32

Storage Menu — Save this setup as SET 7. We will use it again in later examples.
Instructions for saving a setup are given under Instrument Setup in Example 2.

ACQUISITION AND DATA DISPLAY. Press Start to begin acquiring. The 1230 ac-
quires enough data to fill pre-trigger memory, then it begins looking for WD1 (1111 on
GPA). When WD1 is recognized, control moves to trigger level 2 and the 1230 starts
looking for WD2 {0101 on GPB}. When WD2 is recognized for the third time, the 1230
triggers and fills post-trigger memory. Data is processed and displayed in the Timing
Menu.

Enter the State Menu and search for the trigger position by selecting Trigger in the menu
bar's Search for field, then pressing 1. The trigger will be at memory location 0512 and
have 5 as the value for GPB. For practice, change the display radix to BIN.

7B. Edge Sensing with EXT Lines

In this example, we will set up the 1230 to trigger if WD2 (0101 on channel group GFB)
occurs after a transition from logic low to logic high on Bit 7.

PROBE CONNECTIONS. Turn off the test card, then power down the 1230. Leaving all
test leads connected as in part A, add the following two connections;

1. Connect the EXT HIGH line to test card pin BIT7.

2. Connect the EXT LOW line to GND. Even though we aren’t using this line to acquire
data, it is a good idea to tie it low to reduce noise. Similarly, if we were using EXT
LOW, EXT HIGH should be connected to a high voltage level.

Power up the 1230. Then, turn on the test card.

INSTRUMENT SETUP. Use the same setup as was used in part A with the following
exception: in the Trigger Spec Menu, select External as the condition in Level 1 (see
Figure 2-36).

FRI, JAN 13, 1999 9 99 T -DEFaULY
Level Condition Count fiction Dest
1 IF [External]»[P0@1) THEN [ NOP ] & [CONTINMI]
2 IF [WD2 1{D081]1 THEN [ TRIG 1 & [ FILL ]

3

g CONDITIONS |

Synbol GPh GPB GPC
bin hex hex
T 1111 X XX
M2 HIb v o ¢ ST ¢
Wh3 10088 5 W9

a Edit Sywbol: ENTER
4 Window Up : F
v Hindow Down: C

Menuw:;MENU  Return:MENU twice New:MENU, then Hex Key

Figure 2-36. Trigger Spec Menu for Example 78.
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Triggering
on Event 1
or Event 2

DATA ACQUISITION AND DISPLAY. Press Start to begin acquiring. The 1230 ac-
Quires enough data to fill pre-trigger memory, then it begins looking for a transition from
a low 1o a high voltage level on the EXT HIGH input {BIT7). When this edge is
recognized, control moves to Trigger Leve! 2 and the 1230 starts looking for WD2 (0101
on GPB) to occur. The third time this state occurs, the 1230 triggers and filis post-trigger
memory. Data is processed and displayed in a timing diagram.

In this case the 1230 triggered on WD2, so you know that it occurred after a rising edge
on Bit 7.

EXAMPLE EIGHT

In this example, we will set the 1230 up to trigger when either of two events occurs. The
1230 provides two modes for entering trigger specifications: Basic and Advanced. So
far, we have used only Basic mode. The trigger for this example will require Advanced
mode,

After completing this example, you should know how to-

* enter a trigger specification using Advanced mode
» set up an ORed trigger

PROBE CONNECTIONS. The probe connections are the same as those used in
Examptle 1.

INSTRUMENT SETUP. Start with the setup from Example 7. If you saved it as Set 7, you
can re-load it from the Storage Menu. Otherwise, follow the Instrument Setup instruc-
tions in Example 7. Once the setup is loaded, make the following menu changes.

Trigger Spec Menu — Enter Advanced mode by pressing 1. The menu bar will field will
include Basic:1 if you are in Advanced mode.

Place the cursor on Level 1 and press ENTER until the second line of Level 1 begins
with Else IF (see Figures 2-37 and 2-38).

Select WD1 as the first Level 1 Condition. Set Count o 8 by pressing ENTER to enter
editor mode, typing in 0008, then pressing ENTER to exit editor mode. Select TRIG as
the Action and Fili as the Destination.

For the second line of the first level, select WD?2 as the Condition, TRIG as the Action, and
Fill as the Dest.

Delete Level 2 by placing the cursor on it and pressing ENTER until it disappears.
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2-34

FRI, JAN 13, 1968 19:13 § SET 7
Level Condition Count fiction Dest

1 1F 4 10} 1#100811 THEN T TRIG 1 & [ FILL i
ELSE IF [Wb2 ] THEM [ TRIG 1 & [ FILL ]

3

Cursor: Avap Instruction: ENTER

Figure 2-37. Trigger Spec Menu for Example 8 shows an
ORed trigger.

— Acquire a sample |«g

Isit
wWD1 or WD2 Wo1

Increment counter

Trigger & Fill |

Figure 2-38. Flow Chart for ORed trigger set up in Figure
2-37.

ACQUISITION AND DATA DISPLAY. Press START 1o hegin. The 1230 acquires
enough data to fill pre-trigger memory, then starts looking for either WD1 (1111 on GPA)
or WD2 (0101 on GPB). Every time WD1 is acquired, the 1230 increments a counter.
When the count reaches 8, the 1230 triggers and fills memory. Or, if WD2 occurs before
WD1 is acquired eight times, the logic analyzer will trigger and fill memory. Data is
processed and displayed in the Timing Menu.

Switch to the State Menu. Does the trigger location contain WD1 or WD2? In this case, it
contains WD1 so you know that WD1 occurred at least 8 times before WD2.



Example Nine

Looking for a
Sequence of
Events to
Occur within a
Specified
Interval

EXAMPLE NINE

OVERVIEW. In this example, we are interested in finding out if the interval between two
events is too long or short. Tests of this type are often used to look for setup or hold time
violations. For exampie, maybe you're trying to read from memory and you suspect that
the Ready signal is occurring five cycles after the Address Valid signal when it should be
occurring six cycles later. Or, perhaps your circuit is not writing data to memory as it
should and you want 1o check to see if data is staying valid long enough.

There are two parts to this example. In part A, we’ll acquire synchronously and look for
the second event to occur within six cycles after the first. In part B, we will use the 1230’s
clock and counter to time the interval between events.

After completing this example, you shouid know how to:

« test whether or not two events occur within a certain number of cycles of each other
« use the async clock rate and the counter to test whether the time interval between
two events is longer or shorter than desired

PROBE CONNECTIONS. Connect probes according to the instructions in Example 2.

9A. Measuring an Interval in Synchronous Clock Cycles

The trigger specification in this example tests to see if a condition, WD3, occurs within 6
clock cycles after condition WD1.

NOTE
The 1230 requires two clock cycles to go from one trigger level to the next.
This must be taken into account when setting the counter value. In this
example, we want to see if WD3 occurs within six clock cycles of WD1 so we
will set the counter in level 2 to count four cycles (4 cycles counted + 2
cycles to go from Level 1 to Level 2 = 6 cycles).

INSTRUMENT SETUP. With the exception of the Timebase and Trigger Spec Menus,
this example uses the same instrument setup as Example 7. If you saved the setup, re-
ioad it from the Storage Menu. Otherwise, follow the instructions in Example 7 for
configuring the Channel Grouping and Conditions Menus (see Figures 2-33 and 2-34).

Timebase Menu — Change the clocking format to Sync (see Figure 2-9).

Trigger Spec Menu — In Level 1, check to make sure WD1 is the condition, NOP (no
operation) is the action, and CONTIN (continue to the next level} as the destination.
Leave the count at 1.

Move the cursor to Level 2 and press 1 to enter Advanced mode. Then, press ENTER
until the statement is of the IF...ELSE IF form (see Figures 2-39 and 2-40).

In the first line of Level 2, select Clock as the condition, 4 as the count, TRIG as the
action, and FILL as the destination.

In the ELSE IF part of Level 2, select WD3 as the condition, TRIG as the action, and FILL as
the destination.
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2-36

SAT, FEB 27, 1988 @8 59 § SET 7
Level Condition Count Action Dest

1 IF [upL Jo{@981] THEN [ MOP 1 & [CONTIN)

2 IF [ Clock 1+BG84] THEN [ IRIG ] & [ FILL 1
KLSE IF [ HD3 ] THEN [ TRIC ] & [ FILL 1
3
4
H]
COMDITION:
GPA GPB GPC
Symbol  bin hex hex
WD3 18888 5 08

Instruction:ENTER Basic:)

Select.8,2

Cursor; Av4p

Figure 2-39. Trigger Spec Menu for Example 9A looks for
WD3 to occur within six clock cycles of WD1.

<>

> Acquire a
Data Sample
Level 1
m
yes

Continue to Lave| 2

v

———p  Acquire a
Data Sample

‘ Level 2

Trigger & Fill

<D

Figure 2.40. Flow Chart for Example 9A's Trigger

Specification.
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Run Control Menu — Change the display to State.

ACQUISITION AND DATA DISPLAY. Press START to begin. The 1230 acquires
enough data to fill pre-trigger memory, then starts looking for WD1 (1111 on GPA).
When WD1 is recognized, control is passed to Level 2 and the 1230 staris looking for
WD3 (GPA: all low, GPB: 0101, and GPC: all low). If WD3 is acquired within four clock
cycles, the 1230 triggers and fills memory. Otherwise, it triggers and fills memory on the
4th clock cycle. Data is processed and displayed in a state table.

Locate the trigger. Does it contain WD3? If not, you know that WD3 did not occur within
four clock cycles of WD1. Figure 2-41 shows the State Menu for this acquisition. The
trigger location contains WD3 so you know it occurred within four clock cycles of WD1.

SAT, FEB 27, 1988 0 Qs

Loc  GPA GPB GPC

hex hex hex
B 7 3 &
B3 7 3 @
G54 7 3 m
NS 7 3 ®m
@B 7 3 @3
66? F E @
@G F E @
B F E 0
B¢ F ¥ a1
Bi11 F E o1
IR ——5—oe
8513 8 5 o8
514 8 5 W
6515 0 5 o
®B16 ¢ 5 o0
@517 & 5 99
@518 8 5 88
@519 8 5 89
8526 8 5 g8
8521 8 5 88
FunciF  Scrolliay  Cursor: 4» Junp: ENTER

Figure 2-31. State Menu for Exampie 9B.

9B. Measuring a Time Interval

The trigger specification in this example uses the 1230's internal clock and the counter
to measure time. The clock rate multiplied by the counter value equals the time interval,

Rate x Count = Time

For example, if you are trying to see if condition B occurs within 400 ns after condition A,
you could set the rate to 400 ns and the count to 1. Or, to get better resolution, you
could set the rate to 100 ns and the count to 4. In general, using the faster clock rate is
better because the 1230 cannot recognize an event that occurs within two cycles (or 80
ns, whichever is greater) of the event causing control to be passed from one trigger
level to another. Choosing a fast clock rate shortens the real time in which an event
could occur and not be recognized.

Because of the test circuit's refatively slow speed, we will test to see if WD3 ocours
within 10 ps after WD1.

INSTRUMENT SETUP. Start with the instrument setup used in part A. Then, make the
following menu changes.

Timebase Menu — Change the format to Async with a rate of 400 ns (see Figure 2-40}.
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2-38

tAT, FER 27, 1908 14 34  ~DEFAULY
TektronixX 123esi6

Linked
Frobes TB Format Rate CGlitch Threswld

EB T async ETOEEE Mo TTL H1LW

4 |l Select: 6,2
v Change Links: A,D

Menu:MEND  Return:MENU twice New:MENU, then Hex Key

Figure 2-42. Timebase Menu for Example 9B shows an
asynchronous clock rate of 400 ns,

Trigger Spec Menu — There is only one field in this menu you must change: set the
count in Level 2 to 0023. This menu is shown in Figure 2-43.

At first, it might seem that the count should be 25 since 400 ns per cycle multiplied by 25
cycles would give you the 10 us interval being tested for. However, the transition from
Level 1 to Leve! 2 will require two of those cycles:

25 cycles—2 cycles to change levels = 23 cycles.

SAT, FEB 27, 1368 15:0% § -DEFAULY
Level Condition Count Action Dest

i IF ot 1#{0201] THEN [ MOP 3 & [COMTIN]

2 IF [ Clock 1#0823) THEM al FILL
ESEIF 3 1 THEM [ TRIG ) & [ FILL ]
3

4

5

ACTION:

TRIC - Trigger and start storing post-trigger data.
YRIG triggers all channels on all timebases.

Cursor:aver Select:@8,2 Instruction:ENTER Basic:l

Figure 2-43. Trigger Spec Menu for Example 9B tests to
see if WD3 occurs within 10 ps after WD1,
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ACQUISITION AND DATA DISPLAY. Press START. The 1230 acquires enough data to
fill pre-trigger memory, then starts looking for the first level trigger condition, WD1 (1111
on GPA). After it occurs, control is transferred to the second trigger level (which requires
two cycles). The 1230 begins counting clock cycles and looking for WD3. When either
WD3 is recognized or the counter reaches 98, whichever occurs first, the 1230 triggers
and fills memory. Data is processed and displayed in a state table.

in the State Menu, place the cursor on the trigger location. Does it contain WD3. If not,
you know that WD3 did not occur within 10 us after WD1 (see Figure 2-44).

FRI, JAN 13, 1999 97 11 0 SEY 7

Loc  GPA GPB GPC !

hex hex hex
B2 6 3 FC
%83 E E FE
8584 1 5 FF
Bes 9 5 W
5 5 5 3F
®$0? D E 1IF
wes 3 3 eF
@B B 3 W
€510 7 3 B3
G111 F E et
~8——5—08
€13 8 5 @88
@514 4 S5 (8
@15 ¢ E Ee
Bl 2 3 re
@517 4 3 F8
@18 & 3 FC
@1 £ E FE

B8 1 5 FF
8521 9 5 7F
C Cursor: <«  Junp:INTER

Figure 2-44. State Menu for Example 9B.
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Example Ten

L.ooking for an
Event During a
Specific Interval

2-40

EXAMPLE TEN

OVERVIEW. In Example 9, we were looking to see whether or not event B occurred
within a certain number of cycles after event A. This example is similar. However,
instead of starting to look for B immediately after A, we will wait a number of cycles
before looking for B. In other words, we want to see if event B occurs within a certain
interval after A (i.e., between 20 and 50 cycles}.

In part A of this example, we will acquire data synchronously and measure the interval in
cycles. In part B, we will acquire asynchronously and use the clock rate and a counter to
look at a time interval.

Tests of this sort are often used to look for a response to a signal. For example, suppose
you are troubleshooting communication between your system and another device such
as a printer. The first event you might look for is the one that would initialize the printer.
Then, you would look for the event that was the printer’s interrupt response. You'd want
to make sure the response occurred within a certain interval.

After completing this example, you should know how to:

« use the 1230’s EXT HIGH and LOW inputs to monitor single lines
« look for an event within an interval measured in cycles
» use the clock rate and the counter to look for an event during a certain time interval

PROBE CONNECTIONS. Connect the probe to the test card as in Example 2. Then,
connect EXT HIGH to BIT8 and EXT LOW to GND.

NOTE
Even if you only plan to use one of the EXT lines in your trigger specification,
both should be connected. Tie the unused line to it's True state. That s, if EXT
LOW is not being used, it should be grounded. Likewise, if EXT HIGH is not
being used, it should be tied to a logical high.

10A. Measuring an Interval in Clock Cycles

The EXT inputs are edge sensitive and so are useful when you want to look for a specific
transition on a single channel. They may be sefected as conditions in the Trigger Spec
Menu. EXT HIGH is True when the signal goes through a transition from logic low to
logic high. Likewise, EXT LOW is True when it goes from high to low. If you connect both
EXT inputs to active signals, they are ANDed together. That is, for the External condition
in the trigger specification to be TRUE, EXT HIGH must go high at the same time that
EXT LOW goes low.

in this example, we will check to see if an event, INT, occurs between 10 and 30 cycles
after BIT8 (EXT HIGH) goes high.

INSTRUMENT SETUP. Start by loading the default setup (instructions are given in
Example 1). Then, make the following menu changes.

Timebase Menu — Change the format to Sync as shown in Figure 2-9.

Channel Grouping Menu — Change the name of GPA to BUS, give it a HEX radix, and
assign it channels A15 through A08. Put all other channels in the unused channel list by
deleting them (see Figure 2-45),



Example Ten

SAT, FEB 27, 1988 99:48 T -DEFAULY

Group Radix Pol TR Channel Definitions
BUS HEX + 71 AARRAAAA

11111106
34321998
CPE  HEX
 CONDITIONS
Synbol BUS
hex
I 55
B HE + ¢
c X
« | Bdit Sowbol: DNTER
4 Hindow lp : F
v Window Down: ¢

Menu:MENU  Return:MEND twice

Figure 2-45. Channel Grouping and Conditions Menus for
Example 10A.

Conditions Menu — Change the symbol A to INT and define it as 55ne as shown in
Figure 2-45,

Trigger Spec Menu - Press 1 to enter Advanced mode.

Set up Level 1 so that the condition is External, the count is 1, the action is NOP, and the
destination is CONTIN (see Figures 2-46 and 2-47).

Move the cursor to Level 2 and press ENTER to make it an IF statement. Set the
condition to Clock, the count to 8, the action to NOP and the destination to CONTIN. We
want 10 wait 10 clock cycles after the Exteinal signal before continuing to Level 3.
However, the count is set to 8 because two cycles passed while the 1230 was going
from Level 1 to Level 2.

NOTE

The counter is always reset to zero when the 1230 goes from one trigger level
to another.

Move the cursor to Level 3 and press ENTER until the statement is of the IF ... ELSE IF
form. Set the IF condition to Clock, the count to 18, the action to TRIG, and the
destination to FILL. The count is set to 18 rather than 20 because of the two cycles lost
while control moved from Level 2 to Level 3.

Set the ELSE IF condition to INT, the action to TRIG, and the destination to FILL.
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2-42

FRI, J&N 13, 1968 @7:18 § -DEFAULY
Level Conditioh Count fiction _ Dest

1 IF [External 128811 THEW [ HOP ] & [CONTIN]
2 I¥ [ Clock 3#0G88) THEM [ MOP 1 & [CONTIN]

3 IF [ Clock )+{9@818) THEN [ TRIG ] & [ FILL ]

ELSE IF (INY ) THEM [ TRIG 1 &
4

5

DESTINATLON:

FILL - Fill the rest of acquisition wewory. Use FILL
with actions TRIG opr YIRIG 0,

Cursor.av4r Select:®,2 Instruction:ENTER Basic:l

Figure 2-46. Trigger Spec Menu for Example 10A looks
for WD3 between 10 and 30 cycles after a
high-going signal on the External input.
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Acquire enough data to
fill pre-trigger memory

Y

Wait for transition
on Bit 8 (EXT HIGH)

y

Continue 1o Level 2
(2 cycles)

Wait for 8 cycles Level 2

]

Continue to Level 3
(2 cycles)

Y

Acquire a sample and
r—"1 increment counter

Level 1

Level 3

count=18
of is sample

Trigger and Fill
Memory

Figure 2-47. Flow chart for the trigger specification
shown in Figure 2-46.

Run Control Menu - Select State in the Display field.

ACQUISITION AND DATA DISPLAY. Press START. The 1230 acquires enough data to
fill pre-trigger memory, then starts looking for a rising edge on the EXT HIGH input,
When it is sensed, control is transferred to Level 2 {requires two cycles) and the 1230
starts counting clock pulses on the CLK HIGH input. When the count reaches 8, control
is transferred to Level 3 (requires two cycles} and the counter is reset to 0. The 1230
starts iooking for INT {55»s On the channel group BUS) while counting clock cycles.
When either INT occurs or the count totals 18, the 1230 triggers and fills memory. Data
is processed and displayed in a state table.

Locate the trigger in the State Menu (see Figure 2-45). Does it contain 55se? If s0, you
know that INT occurred between 10 and 30 cycles after BIT8 went high.
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$AT, FEB 27, 1988 99 47 3 -DEFAULY
GG B S O TR T Rt > bl 56 3 PR ]

hex
@B 6
@563 85
@54 4
@565 CE
@ee 23
587 A3
@568 63
@ EE
@518 135

i1 95

5

8513 DE
@514 33
8515 B
@516 1
8517 FE
@518 @&
@519 85
520 4
@21 CE
Func:F

Cursor:«  Jump:ENTER Radix:E

Scrol)iav

Figure 2-48, State Menu for Exam‘ple 10A.

10B. Measuring an Interval in Time

Sometimes you are more interested in seeing if an event occurred during a certain time
interval rather than within a number of clock cycles. To make time measurements, you
can use the 1230’s internal clock in conjunction with the counter. This is explained in
more detail in Example 9.

in this example we will use the clock and counter to determine if an event, INT, occurs
between 10 and 15 us after BIT8 goes high.

PROBE CONNECTIONS. Start with the same connections as were used in part A.
Then, disconnect the CLK HIGH input.

INSTRUMENT SETUP. Start with the same setup as was used in part A. Then, make
the following menu changes.

Timebase Menu — Change the format to Async with a rate of 200 ns (see Figure 2-49}.
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SAT, FEB 27, 1988 14 42 T -DIFAULT
TektroniX 123816

Linked
Probes TBD Format Rate Clitch Threshold

11 Async Mo TIL #1.4y

L || select: 9,2
v Change Links: A,D

Menu:MENU  Return:MENU twice New:MENL, then Hex Key

Figure 2-49. Timebase Menu for Example 10B shows
200 ns asynchronous sampling rate
selected,
Trigger Spec Menu — Change the count in Level 2 to 48 cycles because
(2 cycles between levels + 48 cycles counted) x 200 ns/cycle = 10 ps.
Also change the count in Level 3 to 23 (see Figure 2-50):
(2 cycles between levels + 23 cycles counted) x 200 ns/cycle = 5 pus

NOTE

When the 1230 goes from one trigger level to another, the counter is resef to
zero. This is the reason the interval in Level 3 is 5 nSs rather than 15 pus.

FRI, JAN 13, 1900 97119 § -DEFALLY
Level Condition Count Action Dest

1 iFr [Externallsi@@@l] THEM | MOP ) & [CONTIN]

2 IF [ Clock {845 THEN [ MOP 1 & LCONTIN}

3 1 [ Clock YCIERR] THEN [ TRIG 1 & [ FILL )
ELSE IF [INT ] THEN [ IRIG 1 & [ FILL )
4
S

COUNT: Range: GURL-4096. Press ENTER fo edit,

How many times the condition wust go fron false to
true for the action (TRIG, STROFF, etc.) to be taken.

Cursor: ay4qp Edit:ENTER Basic:1

Figure 2-50. Trigger Spec Menu for Example 10B looks
for WD3 to occur between 10 ands 15 ps
after a high-going signal on BITS.
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ACQUISITION AND DATA DISPLAY. Press START fo begin acquiring. The 1230
acquires enough data to fill pre-trigger memory, then starts looking for the signal on EXT
HIGH to go high. When this transition is sensed, control is transferred to Level 2
{requires two cycles) and the 1230 starts counting 200 ns clock cycles. When the count
reaches 48 (10 ps after the signal on EXT HIGH}, controi is transferred to Level 3
(requires two cycles) and the counter is reset fo 0. The 1230 then starts counting clock
cycles again and looking for INT. When either the count reaches 23 (5 us after the count
in Level 2 reached 48) or INT occurs, the 1230 triggers and fills memory. Data is
processed and displayed in a state table (see Figure 2-51).

Locate the trigger position in the state table. Does it contain 55se? In this case, the

trigger position does not contain 55nex 50 you know that INT failed to occur between 10
and 15 ps after BIT8 went high.

FRI, JAN 13, 1900 @7 23 § -DEFAULY

8521 435
Func:F

Scrolliav  Cursor: 4 Radix:E,

Junp: ENTER

figure 2-51. State Menu displays the acquisition from
Example 10B.



Example Eleven

Triggering
on a Glitch

EXAMPLE ELEVEN

A glitch is any signal that makes two or more transitions through the threshold voltage
level during one clock pulse. Signals like these are usually symptoms of a malfunction-
ing circuit. Frequently they are caused by capacitive coupling between circuit board
traces, by power supply ripples, by high instantaneous current demands from several
devices at the same time, or by any number of other undesirable events. Most glitches
can be ignored. However, when you are working with sequential, clocked components
such as flip-flops and counters, glitches can cause your circuit to behave unpredictabiy.

Glitches are difficult to detect because they last for so short a time and tend to occur
irregularly. The 1230 can be set to trigger on glitches, thus giving you a convenient tool
for observing them.

You can select three types of glitches to be recognized: only those going from low to
high (rising edge), from high 1o low (falling edge), or either high-going or low-going
(generic).

In this example, we will iook for glitches occurring at the same time on three different
channels. Using the test card as our SUT, we will look for a high-going glitch on BITS, a
low-going glitch on BIT12, and any glitch on GLITCH to occur at the same time asa
specific data word.

When one or more glitches are selected in a given condition, they get ANDed together.
That is, they must occur at the same time for the condition to be TRUE.

Specifying an event to be True for the glitch to be recognized, as we are doing in this
example, is called qualifying the glitch. That is, we are only interested in glitches that
occur at certain times.

Looking for glitches that occur concurrently with other events is a common trouble-
shooting technique. For example, suppose you had a counter in your circuit that
counted clock cycles during DMAs (direct memory accesses). The only times you
would be interested in glitches on the clock line would be during DMAs because that
would be the only time the counter was enabled.

After completing this example, you should know how to trigger on a glitch.

PROBE CONNECTIONS. With both the 1230 and the test card powered down,
connect Probe A to the 1230. Connect the probe leads to the test card pins as follows:

Table 2-2
PROBE TO TEST CARD CONNECTIONS
Input Pin
DO GLITCH
D1 BIT9
D2 BIT12
D3 BIT23
D4 BIT22
D5 BIT21
D6 BiT20
D7 BiT19
GND SND

Once all the connections have been made, power on the 1230. Then, power on the test
card.
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INSTRUMENT SETUP. Start with the default setup, then make the following menu
changes.

Timebase Menu — Turn on glitches by selecting Yes in the Glitch field (see Figure 2-
52). When you press MENU to exit this menu, you will be prompted to press ENTER to
confirm the change to glitches enabled. The confirmation is required because turning
on glitch detection will cause changes in the Channel Grouping Menu.

FRI, JAN 13, 1908 &7 26 T -DEFAULY
TektronixX 1zses16
Linked

Probes YB Format Rate Glitch Threshold
BB T Asygne 1S ML ¢l

4 | Select: @,2
v Change Links: 4,D

Menu:MENU  Return:MENU twice New:!MENU, then Hex Key

Figure 2.52. Timebase Menu for Example 11 shows glitch
detection turned on.

Channel Grouping Menu — Note that only channels A07 through AQO are available
(see Figure 2-53). This is because data can only be acquired on the lower eight bits
when glitches are turned on.

Change GPA to BUS and assign it channels A07 through AGO. Change its radix to BIN.
Binary Is the only radix in which glitches can be specified in the Conditions Menu.
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SAT, FEB 27, 1988 16:32 T -DEFALLY

Group Radix Pol TB Channel Definitions
s =1 N| + T1  AARRAABRA
[ ]

76543218
GPBE  HEX
L §
GPd  HEY

Probe  __ ___UNUSED CHANNELS |
Al 15 14 13 12 11 18 @9 eg
Cursor:ay 4 Select:@,2 -

Figure 2-53. Channel Grouping Menu for Example 11
shows only eight channels are available
when glitch detection is enabled.

Conditions Menu — Change A to TROUBLE and define it as:

« a falling-edge glitch on A02
* a rising-edge glitch on A01
* a generic glitch on AOO

0 on AQ4

» 0 on A0S,

Leave the other channels set to don't care (see Figure 2-54),

NOTE
When the cursor is placed on the channel group fields in the Conditions
Menu, and the radix is binary, the lower portion of the menu will list the
keystrokes for the different glitch symbols: 2 enters a generic glitch, 3 enters
a rising-edge glitch, and 4 enters a falling-edge glitch.
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FRI, JAN 13, 1908 @7 32 [ -DEFAULY
Level Condition Count Action Dest

1 1¥ [TROUBLE 1#{9801] THEM [ TRIG )} & [ FILL ]

2
3
Synbol BUS
bin
TROUBLE B ve tedRs
B + 000D
C + Y0DDDOOD!
a Edit Symbol: ENTER
ar Hindow Up ! F
v Hindow Down: C

Menu:MEND  Return:MENU twice HNew:MENU, then Hex Key

Figure 2-54. Conditions and Trigger Spec Menu for Ex-
ample 11. Simultaneous glitches are being
looked for on three channels.

Trigger Spec Menu — Set up Level 1 so that the condition is TROUBLE, the count is 1,
the action is TRIG, and the destination is FILL (see Figure 2-54).

ACQUISITION AND DATA DISPLAY. Press START to begin the acquisition. The 1230
acquires enough data to fill pre-trigger memory, then starts looking for the condition
TROUBLE (that is, glitches occurring simultaneously on channels A01 through AQQ).
When it is recognized, the 1230 triggers and fills memory. Data is processed and
displayed in a timing diagram (see Figure 2-55).

FRI, 34N 13, 1968 @7:33 T -DEFAULY
TL Asyn 1 pS CuriB | + 2k
Ref = 194 Cursor = 512 Ref to Cursor = 431818

" T T T N T N T T N R [ N T TS D Y RO T S SR T |

1S &

-

= =
5 v
=
(=

=
o«
=
()

il

==
e ol
==
Lo E35)

s oRDDEDS®

o=
o
=
==

Func:F Cursor:«» Scrollisw Set Ref ENTER

Figure 2-55. Timing diagram from Exampie 11 shows
glitches on channels BUS02 - BUSO00.

Locate the trigger position in the Timing Menu. At that location, small vertical bars on
traces BUS02, BUSO1, and BUSOQ indicate that glitches occurred on these channels.
Bars rising from the trace are rising-edge glitches while bars descending are falling-
edge glitches. The display will show the glitch type even if you specified a generic glitch
in the condition.
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Example Twelve

Acquiring
Ilterations of
a Subroutine

EXAMPLE TWELVE

OVERVIEW. In this example we are going to set the 1230 up as we would if we were
trying to find an error in a particular subroutine. We will start storing data on the
beginning address of the subroutine. If the error occurs before the ending address of
the subroutine, we will trigger. Otherwise, we will stop storing until the subroutine is
executed again, at which time we will look for the error again.

There are a number of reasons why you might want to acquire only iterations of a
particular subroutine. One is to find an error, as we are doing in this example. Another is
to measure its execution time. Reducing the execution times of your subroutines
increases the performance of your software. Any time saved in a subroutine is time that
can be used to perform additional tasks.

After completing this example, you should know how to use the to store only iterations
of a specific subroutine.

PROBE CONNECTIONS. Use the same connections as were used in Example 2.

INSTRUMENT SETUP. Start with the default setup, then make the following menu
changes.

Timebase Menu — Change the format to Sync as is shown in Figure 2-9,

Channel Grouping Menu — Change GPA to ADD (for address) and assign it channels
A15 through AQO (see Figure 2-56).

SAT, FEB 27, 1988 11 35 § -DEFAULY

Group Radix Pol TB Channel Definitions
ADD HEY + 11 AARARAAARRAAAAAR
[

111111
3432109876543219
GPE HEX
[ CONDITIONS o
Synbol ADD
hex
SUBSTART: FEGL
SUBEND : B3@7
ITUR: 553F
A Edit Synbol: ENTER
4 Hindow Up : F
v Hindow Down: €

Menu:MEND  Return:MENU twice New:MENL, then Hex Key

Figure 2-56. Channel grouping and condition definitions
used in Example 12,

Conditions Menu — Change the symbol A to SUBSTART and define it as FEO1 nex. This will
serve as the starting address of our subroutine (see Figure 2-56).

Change the symbol B to SUBEND and define it as B307hex. This will serve as the ending
address of our subroutine,

Change the symbol C to ERROR and define it as 553Fnex.
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2-52

Trigger Spec Menu — Press 1 to enter Advanced mode. In Level 1, select SUBSTART as
the condition, STR ON as the action, and CONTIN as the destination (see Figure 2-57).

SAT, FEB 27, 1988 11 37 § -DEFAULY

Level Condition Count fiction Dest

1 IF [SUBSYRRT1IQOOL1 THEM [STR ONH) & [CONTIN]

2 IF [SUBEND 100011 THEN [STROFF) & [GOTO0 1]
ELSE IF [ERROR ] THEN [ TRIG ] & [ FILL 1

3

COMDITION:
ADD

Sumbol  hex

ERROR  :1353F

Cupsor:aver Select:®,2 Instruction:ENTER Basic:i

Figure 2-57, Trigger specification used in Example 12
looks for ERROR to occur within a
subroutine.

Place the cursor on Level 2 and press ENTER until the statement is of the IF...ELSE IF
form. In the IF part of the statement, select SUBEND as the condition, STROFF as the
action, and GOIO 1 as the destination.

In the ELSE IF part of Level 2, select ERROR as the condition, TRIG as the action, and FILL
as the destination.

Run Control Menu — Select State as the display type. Most software applications
require state table displays because of the number of channels you are monitoring.

Move the trigger position to 1664. We are more interested in the events that occurred
before the error (and possibly caused it} than we are in events that happened
afterwards.

ACQUISITION AND DATA DISPLAY. Press START to begin the acquisition. The 1230
acquires enough data o fill pre-trigger memory, then starts looking for the beginning of
the subroutine, SUBSTART. When it is recognized, the 1230 begins storing data and
looking for either ERROR or the end of the subroutine, SUBEND. If the error is recognized,
the 1230 triggers and fills memory. If the subroutine ends before ERROR occurs, data
storage stops and control is transferred back up to Level 1 and the process is repeated.
If ERROR never occurs inside the subroutine, you will have to manually halt the
acquisition by pressing STOP.

NOTE

The minimum time between friggers levels is two clock cycles. Therefore, if
the subroutine is re-entered on the clock cycle following the one it exited on,
the 1230 would miss the second entry. However, for most situations, this
does not represent a significant limitation.
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In the State Menu, press ENTER until one of the fields in the menu bar at the bottom of
the screen is SEARCH FOR. Use it to find the trigger position. It will contain the value we
defined as ERROR (553Fnes). Next search for SUBSTART, then for SUBEND. Note that the
state defined as ERROR occurs between them (see Figure 2-58).

SAT, FEB 27, 1988 [IKESTRNLITYSVNN  11:44 D -DEFAULT

hex
G582 05ee
8503 B8589

Do Search: |

Func:F Search for: 8,2 [Trigger ]

Figure 2-58. State table shows that ERROR occurred
within the subroutine.

Since the test card repeats the same 16 states over and over again, we know we will
always get ERROR if we define it as a state which occurs between the states we call
SUBSTART and SUBEND.

In the Conditions Menu, define ERROR as FFFF and re-run the acquisition. This time
ERROR will not occur between SUBSTART and SUBEND. In the Acquisition Status Menu,
you will see the trigger level toggle back and forth between Levels 1 and 2.

To halt the acquisition, press STOP. The trigger position will be at the point where you

stopped the acquisition (see Figure 2-59). Note that subsequent locations are dimmed
in the display and contain no data.
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AT, FEB 27, 1989 11:4% J -DEFAULY
LGE SN DPRE o Sk iai w2 oo s 4 bkl S

hex
@582 339F
@583 BIe
FE91
8585 e
@506 8588
@567 4508
@598 CEER
@589 23F8
@518 A3Fe
@511 B3FC

Jump:ENTER  Radix:E

Func:F Scrolliaw  Cursor:!

Figure 2-59. State Menu showing data from a manually
halted acquisition. Locations following the
point where STOP was pressed contain no
data.
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Acquiring an
Address Range

EXAMPLE THIRTEEN

OVERVIEW. In this example, we will set up the 1230 to store only values that occur
within a specified range. Ranges are specified by defining conditions that have don't
care characters for the lower-order bits. For example, the condition 002Xaex would give
us a range from 0020nex t0 002Fnax, FXXXnex would specify the range from FOOOke to
FFFFrer, and so on. Conditions defined as ranges are useful if you are only interested in
a specific address range or block of memory. The setup used in this example stores
only values within the range 8100nes through 81FFnex.

In this example we want to look at a portion of diagnostic software that occurs whenever
we power up our circuit. Suppose our system generates a reset vector (call it BEGIN) as
soon as the power supply becomes stable (see Figure 2-60). We are not interested in
acquiring any data prior to BEGIN, since it is all invalid. After BEGIN, our system spends
128 clock cycles in initialization, data from which we are also not interested in. After the
128 cycles, our system runs a memory test routine, a portion of which is what we want to
acquire (say, anything from address range 8100 to 81FF). Just in case our circuit
bypasses the portion of memory we are interested in, we will choose a value which
occurs later on to terminate the acquisition on (call it INVALID).

Random States

2FEQ Begin

= System Initialization
{requires 128 cycles)

8100
Address Range from — Memory Test
which Data is stored
81FF '
| vl
FFFF | Invalid

Figure 2-60, Vertical memory map shows the hypotheti-
cal system from which data is being
acquired.
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After completing this example, you should know how to:

» define a2 range as a condition
» store only certain values
» start locking for the trigger immediately

PROBE CONNECTIONS. With both the 1230 and the test card turned off, connect the
probe leads to the test card as foilows.

Table 2-3
PROBE TO TEST CARD CONNECTIONS (EXAMPLE 13)
Input Pin
Do BITi6
D1 BIT17
D3 8iT18
D3 BiT19
D4 BIT20
D5 BITO
D6 BIT1
D7 BIT2
GND GND
D8 BIT3
D8 BIT4
D10 BIT5
D11 BIT6
b12 BIT7
D13 BIT8
D14 BITg
D15 BIT10
GND GND
CLOCK HIGH CLK1

After all the connections are made, power up the 1230. Then, turn on the test card.

CAUTION

Never connect a powered-up SUT to a powered down 1230. Doing so could
damage the probe.

INSTRUMENT SETUP. Load the default setup by simultaneously pressing NOTES and
ENTER, followed by D (for Default). Then, make the following menu changes.

Timebase Menu — Change the clock format to Sync as shown in Figure 2-9.

Channel Grouping Menu — Change GPA to ADD {for address) and feave all Probe A
channels assigned to it (see Figure 2-61).
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$AT, FEB 27, 1988 12:32 T -DEFALLY
Group Radix Pol TB Channel Definitions

ADD HEX *+ TL RARAARAAAAAAAAAA

1111110906008608
94321998765432180
GPR HEX
B CONDITION.
Synbol AbD
hex
SITIN: 2FT0
RANGE : B1WX
INVALID : FFFF
a Edit Symbo): ENTER
4 Hindow Up : F
v Mindow Down: C

Menu:MENU  Return:MENU twice  New:MENU, then Hex Key

Figure 2-61. Channel Grouping and Conditions Menus for
Example 13,

Conditions Menu — Change the symbol Ato BEGIN and define it as 2FEQnex. This will be
our reset vector, which occurs when the power supply output becomes stable (see
Figure 2-61).

Change the symbol B to RANGE and define it as 81XXrex. This will give us a range of
addresses from 8100nex to 81FFpex.

Change the symbol C to INVALID and define it as FFFFrex. This will be the location that
lets us know we are outside the block of memery we are interested in.

Trigger Specification — Press 1 to enter Advanced mode. in Level
1, select BEGIN as the condition, NOP as the action, and CONIIN as
the destination (see Figures 2-62 and 2-63).

$AY, FEB 27, 1988 12 2% T -DEFHILLY
Level Condition Count Action Dest
1 IF [BEGIN 1+{@091] THEN [ NOP 1 & [CONTINI
2 IF [ Clock 1+[B124] THEN [ MOP 3 & [GOTO 3]

3 IF  {INVALID 190011 THEN [ TRIG ] & [ FILL )
ELSE STORE OMLY

Select:@,2

Cursor: ayqp

Instruction:ENTER Basic:i

Figure 2-52. Trigger Spec Menu for Example 13 shows
that only values falling within RANGE will he
stored.
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2-58

<D

—— | Acquire asample Level 1

yas

Continue to Level 2
(2 clock cycles)

Y

Wait for 124 cycles Level 2

n

Goto Level 3
{2 ciock cycles)

L

Level 3

Store it

Trigger & Fill Memory

P

Figure 2-63. Flow chart shows the trigger specified in
Figure 2-62.

Place the cursor on Leve! 2 and press ENTER until it consists of an IF statement. Select
Clock as the condition, NOP as the action, and GOTO 3 as the destination.

Set the count to 124. We want to “throw away” the data that occurs during the first 128
clock cycles after BEGIN; however, we know the 1230 will lose two clock cycles going
from Level 1 to Level 2 and another two cycles going from Level 2 to Level 3. By
subtracting these four cycles from the 128 we want to miss, we know that in order to
ignore exactly 128 cycles, the count should be 124.
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Place the cursor on Leve! 3 and press ENTER until it consists of an IF...ELSE STORE ONLY
statement. For the IF pant of the statement, select INVALID as the condition, TRIG as the
action, and FILL as the destination.

As the ELSE STORE ONLY condition, select RANGE.

Run Control Menu - Select State in the Display field. Since we are not interested in
storing any data prior to BEGIN, select Immediately in the Look for Trigger field {see
Figure 2-64).

Position the trigger at location 1920. Since we will be manually halting the acquisition,
no data will be acquired after the trigger. Therefore, in order to get as large a data
sample as possible, we want to place the trigger near the end of memory.

SAT, FEB 27, 1988 52 22 O -DEFRULY

lUpdate Memory : [} Display: [State]
Trigger Position: [1928) 9| T2k

Look for Trigger: [ETCEIEXCII)

Compare : [Manuall
Compare Hewory 1 to Memory: [2]

Conpare Men Locations: (09001 to [2047]
lse Channel Mask : [BEGIK )

Display Data at least: [5] seconds

AbD
Sunbol hex
BEGIN : DEDF

Cursor: Avq Select. 8,2

Figure 2-64. Run Control Menu for Example 13 shows
that the 1230 will lock for the trigger event
immediately after START is pressed.

ACQUISITION AND DATA DISPLAY. Once you have finished making menu selec-
tions, press START to begin the acquisition. The 1230 immediately starts looking for
BEGIN (2FEOQs=). Once it is recognized, control is transferred to to Level 2 where the
1230 essentially does nothing for 124 clock cycles. Then, control is transferred to Level
3 and the 1230 begins looking for either INVALID (FFFFe or any value within the range
8100nex to 81FFnex. If INVALID is occurs, the 1230 triggers and fills memory. Otherwise,
every value falling within the range is stored.

After a few seconds have passed, press STOP 1o halt the acquisition. If the 1230 had
stopped by itself, it would mean that the INVALID event had occurred.

Locate the trigger position. Every position after it is blank, the equivalent of no data. In
this case, TRIG is the point at which you pressed STOP, thus haiting the acquisition (see
Figure 2-65).

Press F until the Search for field is in the menu bar. Select Acq Begin and press 1 to
scroll data to the beginning of the acquisition. By scrolling through memory, you can
see that only values between 8100 and 81FF have been stored. Highlighted state tabie
locations show where acquired data matched one of the defined conditions. Since all
the locations in this acquisition match the condition RANGE, they are ali shown
highlighted.
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SAT, FEB 27, 1988 12:31 I -DEFAULY
BEGCER 2 ADD Al St gt W o DE D o ek e ]

hex

815C
8178
8L1F
813E
815C
8178
811F
813E
8135C
8178

Func:F Scroll Rate:7,8[@84) Timebase:9[I11 Sync

Figure 2-65. State table acquired in Example 13 shows
that only values between 8100nex and
81FFnex have been stored.
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Monitoring
Program Flow

EXAMPLE FOURTEEN

OVERVIEW. So far, our examples have centered around triggering on a straightforward
sequence of events. To analyze program flow, however, often requires a more complex
trigger specification, one that can follow a sequence of events through various jumps,
branches, and loops. To illustrate this, we will set up the 1230 to trace program flow
through two interactive subroutines.

Suppose we want to acquire the data around a particular control signal such as an /O
READ. This signal occurs within an interrupt response routine (call it INT) that can be
calied from a number of different interrupt service routines (see Figure 2-66). However,
we are only interested in cases where INT is called from one of two subroutines, SUB1
and SUB2. Figure 2-69 shows the trigger specification for this acquisition in flow chart
form. As you can see, it contains a number of branches and loops, much like the
program being monitored.

MAIN

SuUB 1

T Caa0
INT

—®»WY9E00
_—

9EB7
SuUB 2
a1 @O0FF
Trigger
DCBF (110 READ)
815C B13E
SUB N

L1

Figure 2-66. Hypothetical program being traced in Example 14,

With 14 levels available, the 1230 gives you a great deal of flexibility in setting up
complex trigger specifications. However, keep in mind that the 1230 requires two clock
cycles {or 80 ns, whichever is greater) to change trigger levels. Data samples occurring
within that time are not recognized. For example, if the I/O READ occurs on the clock
cycle following the one on which the beginning of INT was recognized, it would not be
caught because the 1230 would be between trigger levels 3 and 4. Normally, choosing
trigger events that occur far enough apart to be easily recognized does not create a
problem.
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PROBE CONNECTIONS. Use the same connections as were used in Example 13.

INSTRUMENT SETUP. Starting with the default setup, make the following menu
changes.

Timebase Menu — Change the clock format to Sync as is shown in Figure 2-9.

Channel Grouping Menu — Change GPA to ADD (for Address) and leave the channels
A15 through A0O assigned to it.

Conditions Menu — Press F until the Conditions Menu filis the screen. This will allow
you to view all the conditions for this example at the same time (see Figure 2-67).

LSy R-Y R Channel Grouping 13 @6 T -DEFAULY

CFA HEX + T1 ARRARAARARARARAR

Synbol GPA
hex
SUBL1_BEG: (3@
SUBL_BEMD: 9E67
SUB2_BEG: 99FF
SUBZ2_IMD: 815C
INT_BEG : 9EGB
INT_BEMD : 813F
1/0_RD _H )
a Edit Symbol: EMTER
4ar Mindow Up ! F
v Hindow Down: €

Menu:MEND  Return:MENU twice New!MENU, then Hex Key

Figure 2-67. Conditions Menu for Example 14 defines the
starting and ending values for three
subroutines.

Change the symbol A to SUB1_BEG and define it as C3A0sex.
Change the symbol B to SUB1.END and define it as 9E67 rex.
Change the symbol C to SUB2_BEG and define it as SB0FF e«
Change the symbol D to SUB2_END and define it as 815C#ex.
Change the symbol E to INT_BEG and define it as SEOOrer.
Change the symbol F to INT_END and define it as 813Enex.
Change the symbol G to YORD and define it as DCBFrex

Trigger Spec Menu — Press 1 1o enter Advanced Mode.

Place the cursor on Level 1 and press ENTER until the staternent is of the IF...ELSE IF
form (see Figures 6-68 and 2-69). For the IF part of the statement, select SUB1.BEG as
the condition, NOP as the action, and CONTIN as the destination. For the ELSE IF part of
the statement, select SUB2_BEG as the condition, NOP as the action, and GOTO 3 as the
destination.
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Conditiqns Menu — Press F until the Conditions Menu fills the screen. This will allow
you to view all the conditions for this example at the same time (see Figure 2-68).

SAT, FEB 27, 1988 Trigger Spec 13;17 § -DEFAULY

Level Condition Count fiction Pest

i IF [SUB1_BEGI{00G1) THEN [ NOF 1 & [CONTIN)
ELSE IF [SUB2_BEC) IWEN [ TRIG ) & [GOTO 3)
2 IF [SUBL_END)+{@00L] THEN [ NOP 1 & [GOTO 1]
KSE IF [INT_BECG ) THEN [ MOP 1 & [GOTO 4)
3 IF ESUBZ_MDI#I00911 THEN [ NOP ) & [GOTO 1)
ELSE IF LINT_BEG ) THEN [ TRIG 1 & [GOTO 4]
4 IF [I7.FD )+{@081) THEN [ TRIGC )} & [ FILL )
FLSE IF (I _B ) THEN [ NOP 1 &
5

DESTINATION:

GOIOnn - Go te the indicated level. Use GOYO with any
attion,

Cursor:aver Select:B,2 Instruction:ENTER Basic:l

Figure 2-68. Trigger Spec Menu for Example 14 shows
how program flow may be traced.
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2-64

Acquire 511 data samples
to fill pre-trigger memaory

v

Acquire a data sample

LEVEL 1

Acquire a sample
LEVEL 3

SUB1_BEG

Acquire a data sampie

LEVEL 2

s it SUB2_END
UB1_END o
SUB1_END INT_BEG no
?

Y
Acguire a sample [

LEVEL 4

INT.

INT_END

Trigger and Fill

Figure 2-69. Flow chart shows the trigger
specified in Figure 2-68.

Place the cursor on Level 2 and press ENTER until the statement is of the IF...ELSE IF
form. For the IF part of the statement, select SUB1_END as the condition, NOP as the
action, and GOTO 1 as the destination. For the ELSE IF part of the statement, select
INT_BEG as the condition, NOP as the action, and GOTO 4 as the destination.

Place the cursor on Level 3 and press ENTER until the statement is of the IF...ELSE IF
form. For the IF part of the statement, select SUBZ.END as the condition, NOP as the
action, and GOTO 1 as the destination. For the ELSE IF part of the statement, select
INT_.BEG as the condition, NOP as the action, and GOTO 4 as the destination.

Place the cursor on Leve! 4 and press ENTER until the statement is of the IF...ELSE IF
form. For the IF part of the statement, select VO_RD as the condition, TRIG as the action,
and FILL as the destination. For the ELSE IF part of the staternent, select INT_END as the
condition, NOP as the action, and GOTO 1 as the destination.
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Run Control Menu — Change the Display field to State.

ACQUISITION. Press START to begin the acquisition. The 1230 acquires enough data
to filt pre-trigger memory, then starts looking for either of the two conditions in Level 1 .
C3A0nax Or 90FFrex, Depending on which is recognized first, the 1230 branches either to
Level 2 or to Level 3.

ifthe branch is to Level 2, the 1230 looks for either SE67 ex Or 9E00her to occur. If 9E67 hex
occurs first, the 1230 jumps back to Level 1 and the trigger search starts over again. If
9E0Ohex is recognized first, the 1230 branches to Level 4.

If the first branch is to Level 3, the 1230 looks for either 815Chex of 9EQQnex. If B15Chex is
recognized, the 1230 jumps back to Level 1 and the triggers search begins again. If
9EQOrex is recognized, the 1230 branches to Level 4.

Once control is at Level 4, the 1230 looks for either 813Ener or DCBF e

If 813Enrex is recognized, the 1230 jumps back to Level 1 and the search starts over. If
DCBF is recognized, the 1230 triggers and fills memory. Data is processed and
displayed in a state table.

DATA DISPLAY. In the State Menu, locate the trigger position and note that it contains
DCBFhex, the event defined as condition I/O_RD (see Figure 2-70).

Press F until the Search For field is in the menu bar. Press 2 until Acq Begin is selected.
Then, press 1 to search for it. Data will scrofl until the cursor is on the first mermory
jocation.

Press 2 until SUB1_BEG is in the Search for field. Then, press 1. Data will scroll until the
cursor is on a location containing C3A0ker.

Using the search function, locate in turn each of the defined conditions.

$Al, FEB 27, 1988 13:19 § -DEFALLY
LLog BX GRS L o Th e L i i 0 0 |

hex
G 81
@583 C1%8
54 Cne
Ges C1Ce
586 2FE8
587 9B
568 9E21

for: @,2 [Trigger 1] Do Search: 1

Search

Figure 2-70. State Menu for Example 14.
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Extending
Events Across
Probes

SECTION THREE
EXAMPLES REQUIRING
MORE THAN 16 CHANNELS

This section provides hands-on examples designed to familiarize you with the 1230
features that become available when one or more 1230E1 Expander Cards are instafled.
Each expander card supplies you with 16 more channels and an additional timebase.

So, if you have the maximum of three 1230E1s installed, you have 64 channels and 4
timebases available.

The examples in this section are progressive, each building on the skills acquired in the
previous examples. You should start at the beginning and work through the examples
consecutively.

This section assumes you have read Section 1 of this workbook and have worked
through the examples in Section 2.

NOTE

Instructions for installing 1230E1 cards in your 1230 Logic Analyzer are given
in the 1230 Operator's Manual (part number 070-6878-00).

EXAMPLE ONE

OVERVIEW. In this example, we will use a fully loaded 1230 (that is, one with three
expander cards installed} to acquire data from 64 channels simultaneously. Three test
cards will act as our SUT. We will group together channels from different probes to form
two channel groups of 32 channels each. This will allow us to trigger on a data word that
is 32 bits long.

Because of the test card’s slow speed, we will only acquire data at 1 us. However, be
aware that a fully configured 1230 allows you to see up to 64 channels with speeds at or
below 40 ns (25 MMz}, up to 32 channels at 20 ns (50 MHz), or up to 16 channels at 10
ns (100 MHz).

Before channels from different probes can be grouped together, the probes themseives
must be linked so that they share the same timebase. This is so their acquisition clocks
will be the same, thus ensuring that data from one probe is time correlated with data
from the other. Any given channel group must be made up of channels from the same
timebase. In other words, you cannot group channels from different probes together
unless they have the same timebase.

The 1230 allows you to have up to four timebases, one for each probe. You may choose
to have each probe acquiring data on different acquisition clocks. Or, you may link two
or more probes together so that they acquire on the same clock.

After completing this example, you should know how to:

¢ change timebases
e link probes
» group channels from different probes together

REQUIRED EQUIPMENT. To do this example, you will need:

1 1230 Logic Analyzer with three 1230E1 Expander Cards installed

4 Probes (P6443)

8 lead sets (any combination of 174-1264-00, 174-1265-00, or 174-1266-00)
3 Test Circuits (671-00489-00)
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PROBE CONNECTIONS. With the 1230 and all the test cards turned off, connect the
four probes to the 1230. Then, connect the leads to the test cards as shown in Tables 3-
1 through 3-4.

Table 3-1 Table 3-2
PROBE A TO TEST PROBE B TO TEST
CARD 1 CONNECTIONS CARDS 1 & 2 CONNECTIONS
Input Pin input Pin
0o BIT23 DO BIT7
D1 BIT22 D1 BIT6
D2 BiT21 D3 BITS
D3 BIT20 D3 BIT4
D4 BIT19 D4 BIT3
D5 BIT18 D5 BIT2
D6 BIT17 D6 BIT1
D7 BIT16 D7 BITO
GND GND GND GND
D8 BIT15 D8 BIT23
09 BIT14 D9 BiT22
D10 BITi3 D10 BIT21
D11 BiT12 D11 BIT20
D12 BIT11 D12 BiT19
D13 BIT10 D13 BIT18
D14 BIT9 D14 BiT17
D15 BIT8 D15 BIT16
GND GND GND GND
Table 3-3 Table 3-4
PROBE C TO TEST PROBE D TO TEST
CARD 2 CONNECTIONS CARD 3 CONNECTIONS
Input Pin Input Pin
DO BIT15 Do BIT23
D1 BIT14 D1 BIT22
D2 BIT13 D2 BIT21
D3 BIT12 D3 BIT20
D4 BIT11 D4 BITi9
D5 BIT10 D5 BIT18
D& BIT9 D6 BIT17
D7 BIT8 D7 BIT16
GND GND GND GND
D8 BIT7 D8 BIT15
D9 BIT8 D9 BIT14
D10 BITS D10 BIT13
D11 BIT4 D11 BIT12
P12 BIT3 Di2 BIT11
D13 BIT2 D13 BIT10
D14 BIT1 D14 BIT9
D15 BITO D15 BITB
GND GND GND GND
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After all the connections have been made, power up the 1230. Then, tutn on all three
test cards.

INSTRUMENT SETUP. Start with the default setup and make the following menu
changes.

Timebase Menu — Press D until Probes A and B are linked in Timebase 1 and Probes
C and D are linked in Timebase 2 (see Figure 2-71). As you exit this menu, you will be
asked to confirm that you want to change links. Press ENTER to confirm the change.

FRI, JAN 13, 1909 98:36  -DEFAULT
TektronixX 123064

Linked
Probes TB Format Rate Clitch Threshold

TNMTEETTE 1) M TL +1. 4
ITL +1. 4

- C T2 #sync 115 Mo TIL «1.&0 |
b TIL +l. 4

4 || select: 9,2
v Change Links: A,D

Menu:MENU  Return:MENU twice = New:MENU, then Hex: Key

Figure 3-1. Timebase Menu shows Probes A and B and
Probes C and D linked together.

Channe! Grouping Menu — Change GPA to A&B and assign it all channels from
Probes A and B. Remember, you must delete a channe! from the group it is in before
adding it to another group. In other words, you will have to delete all the channels from
GPB before you can add them to A&B.

Change GPB to C&D and assign it all channels from Probes C and D {see Figure 3-2).

FRI, JAN 13, 1900 [EEETTTIMETIUSTYE  ©8:48

Group Radix Pol TB Channel Definitions

A&B HEX + Il ﬂﬂﬂﬂﬂﬂﬂﬁﬂARﬁAMRBBBBBBBBBBBBBBB
111111 6680a068081 1 11110098000000
J4321898765432185432105976543218

Cap HEX + T2 MCCCOCCCCCCCCCCChDRDIDDDDDDDDIDD
1111 1111110060680000
J21@98755432185432109876543218

-DEFAULT

GPC  HEX

GFd  HEX

Figure 3-2 Channel Grouping Menu for Example 1 shows
twe channel groups, each with 32 channels
assigned to it
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Run Contro! Menu — Change the Display field to State. When dealing with a large
number of channels, it is usually easier to view data in state table format. It is difficult to
sort through the waveforms of so many channels in timing diagram format.

Leave the Conditions and Trigger Spec Menus as they are. This will cause the 1230 to
trigger on anything. The reason we want to do this is that we have no way of knowing
where in time the signals on the tests cards are in relation to each other.

ACQUISITION AND DATA DISPLAY. Press START to begin the acquisition. The 1230
acquires enough data to fill pre-trigger memory, then triggers. Data is processed and
displayed in a state table.

Notice that data is present only for channel group A&B. This is because only data from
the same timebase can be viewed at one time. If data from multiple timebases were
shown together, it would be meaningless because you would have no idea when the
events occurred in relation to each other.

To switch timebases so that data from C&D is displayed, press 9. If you can't remem-
ber 9, just remember that pressing F will change the menu bar that lists key functions
in this menu. The menu bar will also identify which timebase’s data is being displayed
(see Figure 3-3).

FRI, JAN 13, 1988 99:45 [} -DEFAULY
[0 02 CAD 1 M L RSt v 8 Wil o L S0 S k)

hex
@582 DE3E2BCE
@583 DE3IE2BCE
8584 DE3E2BCE
8585 38652BCE
8506 3B653EE8
8587 30653EE8
@588 3B653EEB
@589 B8653EES
8518 B86S3EES
@511 B8656SFE
{8 —B86565F8
8513 BB65ESFE
@14 7C6565F8
9315 7C6565F8
#5i6 TC63E5F8
8517 7C6565F8
@519 FEICASFE
@519 FE9CASF8
@528 FEICESFC
@521 FE9CESFC
Func:F Scroll Rate:?,8018) Timebase:9[12 Rsuync

1 pSl

Figure 3-3. State Menu shows Timebase 1 acquired data.



Example Two

Acquiring Data
with Two
Timebases

EXAMPLE TWO

In this example, we will acquire data on two timebases at the same time. One timebase
will be asynchronous, the other synchronous. Acquiring two types of data like this is
often useful when you are trying to integrate hardware and software. For example,
suppose you had a microprocessor-based system. You could simuitaneocusly monitor
asynchronous control signals and synchronous bus activity.

After completing this example, you should know how to:

» simultaneously acquire synchronously and asynchronously
« send a trigger signal to another device

REQUIRED EQUIPMENT. This example requires you to have:

1 1230 Logic Analyzer with one 1230E1 Card installed

2 Probes (P6443)

4 lead sets {(any combination of 174-1264-00, 174-1265-00, or 174-1266-00)
1 Test Circuit (671-0049-00)

PROBE CONNECTIONS. With the 1230 and all the test cards turned off, connect the

two probes to the 1230. Then, connect the leads to the test cards as shown in
Tables 3-5 and 3-6.

Table 3-5 Table 3-6
PROBE A TO PROBE B TO
TEST CARD CONNECTIONS TEST CARD CONNECTIONS
Input Pin Input Pin
DO BIT23 Do BIT15
D1 BIT22 D1 BIT14
D2 BIT21 D3 BIT13
D3 BiT20 D3 BiT12
D4 BIT19 D4 BIT11
D5 BIT18 D5 BIT10
D6 BIT17 Dé BIT9
D7 BITi6 D7 BIT8
GND GND GND GND
CLK HIGH CLK1
D8 BIT7
(ale] BIT6
D10 BITs
D11 BiT4
D12 BIT3
D13 BIT2
D14 BIT1
D15 BITO
GND GND

After the connections have been made, power on the 1230. Then, turn
on the test card.
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INSTRUMENT SETUP. Start with the default setup. Then make the following menu
changes.

Timebase Menu — Press D until A and B are each in their own timebase {see Figure 3-
4). Set the format of A to Async and the format of B to Sync. To exit this menu, you will
have to press ENTER to confirm the change in links.

FRI, AW 13, 198@ 97 56 [ -DEFALLY
Tektronix iz3es32

atelid . TIMERASE : -

Linked
Probes TB Format Rate Glitch Threshold

Tl #Async 18 He  TTL H1. W
2 n ETH Mo  TIL #1.4¢

s Select: 0,2
v Change Links: 4,0

Menu:MEND - Return:MENU twice  NeWw!MENU, then Hex Key

Figure 3-4. Timebase Menu shows two timebases: one
Async, the other Sync.

Channel Grouping Menu — Change GPA to CTL and assign it channels A15 through
AQO (see Figure 3-5).

Change GPB to BUS and assign it channels B07 through B00. Leave its radix HEX.

FRI, JAN 13, 1968 @7:57 3 -DEFAILY

Group Radix Pol TIB Channel Definitions j
CIL  HEX  + 11 AARRARARARAARGAR

11111109000000000
S432109876543210

BUS HEX + 12 BBBEBEBEY
8228688
7674321

GPC  HEX

GFP  HEX

f
B| 15 14 13 12 11 18 @9 B8

Cursor:ay 4 Select:A-D Next ChiE Inserti] Delete:8

Figure 3-5. Channel Grouping Menu for Example 2.



Example Two

Conditions Menu — For every symbol, leave the BUS group all don’t cares. Change the
symbol A to MREQ and define CTL as 907Fhex (see Figure 3-6).

Change the symbol B to NMI and define CIL as 63FCrex.

FRI, JAN 13, 1989 09:98 T -DEFAULY

Level Condition Count Action Dest

1 ¥ [ MREQ 1#{0001] THEM [TRGOUT) & [COMNTIN]

2 IF [HM] Te{@991] THEN £ TRIG 1 & € FILL ]

L CONDITIONS pu
Symbol CTL BUS
hex  hex
MREQ v I0F O
Wl P 63FC

A

4 Enter Hord: Nex Pad, X (Don’t Cans)
v

Menu:MEND  Return:MENU twice New:MENU, then Hex Key

Figure 3-6. Trigger Spec and Conditions Menus for
Example 2.

Trigger Spec Menu —- In Level 1, select MREQ as the condition, TRGOUT as the action,
and CONTIN as the destination (see Figure 3-6).

Place the cursor on Level 2 and press ENTER until it becomes an IF statement. Select
NMI as the condition, TRIG as the action, and FILL as the destination.

Run Control Menu — Select State as the display type.

ACQUISITION AND DATA DISPLAY., After you have finished setting up the menus,
press START to begin the acquisition. The 1230 acquires enough data to fill pre-trigger
memory, then starts looking for MREQ. When it is recognized, the 1230 sends a signal
out through the Trigger Out port on the rear-panel (presumably you have another
device connected to it such as an oscilloscope or another logic analyzer). Control is
then passed to Level 2 and the 1230 staris looking for NMI. When it is recognized, the
1230 triggers and fills memory. Data is displayed in a state table (see Figure 3-7).
Data in the State Menu must ali be acquired on one timebase. To view data acquired on
the other timebase, press 9. This is one of the functions listed in the menu har.
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Acquiring at

High Speeds
and Measuring
Propagation

3-8

Delays

FRI, JAM 13, 1998 89:98 T -DEFAULY
PG ERECTERS Prtada s 0 13 SNEEE Al PR IS LT DR

hex
a5e2 2FF0
@583 2FF8
@584 2FF0
@5e5 2FFe
8506 2FTe
8581 AR
@588 A7FE

8528 EIFE
@521 1@FF
Tunc:F Search for: 8,2 [Trigger 1 Do Search: 1

Figure 3-7. State Menu display data acquired in
Example 2.

EXAMPLE THREE

OVERVIEW. In this example, we will measure the propagation delay of some of the
components on the test card. Propagation delay is the time between the application of
an input signal 1o a digital logic component or circuit to the resultant change of state at
the output. For example, one of the delays we will measure is how long it takes an
inverter to invert a signal.

We will set the 1230 up to trigger on a sequence of two events. The first event will be just
prior fo when the inputs to a NAND gate both go low. The second event is the circuit’s
resultant output. We will then measure some of the propagation delays that occurred
between the two events.

After completing this example, you should know how to:

« group channels from different probes
o acquire data at 10 ns (100 MHz)
« use the reference cursor and data cursor to measure delays

REQUIRED EQUIPMENT. To do this example, you will need:

1 1230 Logic Analyzer with one 1230E1 Card installed

2 Probes (P6443)

4 lead sets {any combination of 174-1264-00, 174-1265-00, or 174-1266-00)

1 Test Circuit (671-0049-00)
PROBE CONNECTIONS. With the 1230 and the test circuit both powered down,

connect the lead sets to the probes and to the SUT as shown in Table 3-7. Then,
connect the probes to the 1230.
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Table 3-7
PROBE TO TEST CARD CONNECTIONS
Input Pin

Do BIT15
D1 BIT1
b2 BITO
D3 CLK2
DO BIT9
D1 BIT12
D2 BiT14
D3 BIT13
GND GND

After all the connections have been made, power up the 1230. Then, turn on the test
card.

INSTRUMENT SETUP. Starting with the defauit setup, make the following menu
changes.

Timebase Menu — Press D until Probes A and B are linked together (see Figure 3-8).
Select Async as the clock format with a rate of 10 ns {100 MHz).

FRI, JAN 13, 1998 98 10 T -DEFSHLT
TektroniX izses3:

TIMEBAST

Linked
Probes TB Forwat Rate Glitch Threshold

ﬂ Tl Async N ML MW

TIL HL.@

A || select: 9,2
v Change Links: A,D

Menu: MENU

Returp :MENU twice

New: MENU,

then Hex Key

Figure 3-8. Timebase Menu shows a clock rate of 10 ns
selected.

Channel Grouping Menu — Note that only the lower four bits from each probe are
available at 10 ns (see Figure 3-9). Group all eight bits together in GPA, Make sure they
are in the following order: A03, A02, A01, A0O, BO3, B02, BO1, BOO. Remember, you
must delete the channels from GPB before you can add them to GPA.

Change the radix of GPA to BIN.
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AL Bl Channel Grouping @8 1% = ~DEFALLY
Group Radix Pol IB Channel Definitions

GPA BIN + Y1 AAARABBEB
8a028ea0

32183218
CPB HEX
Synbol GPh
bin

(] + 1it@le10
I 00810110
< 1 000NON

A Edit Sumbol: EWTER
4 Window Up : F

v Hindow Down! C

Menu:MENU  Return:MENU twice MNew:MENU, then Hex Key

Figure 3-9. Channel Grouping and Conditions Menus for
Example 3.

Conditions Menu — Define the symbol A as 11101010w~» and the symbol B as
000101106n (see Figure 3-9).

Trigger Spec — In Level 1, select A as the condition, NOP as the action, and CONTIN as
the destination (see Figure 3-10).

Place the cursor on Leve! 2 and press ENTER until it becomes an IF statement. Select B
as the condition, TRIG as the action, and FILL as the destination.

FRI, JAN 13, 1968 88:16 [ -DEFAULY
Level Condition Count Action Dest
1 I¥ [a 1%{90811 THEN [ NOP 1 & [CONTIN]

2 IF [T}~ 0081] THEN [ TRIG ] & [ FILL 1

CONDITION:
GPh

Synbol  bin
B (90010118

Instruction:ENTER Advanced:l

Cursor.Av4r Select:8,2

Figure 3-10. Trigger Spec Menu for Example 3.
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ACQUISITION AND DATA DISPLAY. Pr.
enough data to fill pre-trigger memory,
recognized, control is transferred to Lev
When B is recognized, the 1230 trigg

displayed in a timing diagram.

ess START to begin. The 1230 acquires
then starts looking for condition A. When it is
el 2 and the 1230 starts looking for condition 8.
ers and fills memory. Data is processed and

To make the timing diagram easier to read, change the names of the traces to maich the

test card bits. To change trace labels, do the following (see Figure 3-11):

1. Press E. The menu bar shows the edit functions available.

2. Use the up and down arrow ke

change.

Press E to enter editor mode.

Use the up and down arrow ke

trace label field.

S. Press ENTER to exit editor mode when
the cursor to the other traces you want
Repeat this until you have changed al

GPAO7 to CLK2
GPAOS to BITO
GPAOS to BIT1
GPAO4 to BIT15
GPAQ3 to BIT13
GPAO2 to BIT14
GPAQ1 to BIT12
GPAOQO to BIT9

6. When you have finished editing all traces, press ENTER.

FRI, JAN 13, 1900 SITHTHETIITEN 0 33 T -DEFAULT

11 Asyn 18 nS Cur:B I 2k
Ref = 194 Cursor = 585 Ref fo Cursap = +3.11)8
NT

AL L N N N TN Y AT T T TN ] BTG OO e sy AR L

[

1

1

I ]
N | 1

I "]
U 1
I [}

Edit Traces: Hem: X [Display)

Figure 3-11. Timing Menu shows traces renamed.

¥s 1o move the cursor to the label you want to

ys to scroll characters through each position in the

you have finished changing the label. Move
to rename and follow steps 3 and 4 again.
t the trace names as foilows:
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To understand what you're seeing in the timing diagram, refer to the test circuit
schematic in Figure A-2 on the pull-out page. Make sure the resolution of the timing
diagram is 96 by pressing F until the menu bar at the bottom of the screen shows the
resolution. If it is not 96, press 4 or 5 until 96 is selected.

Place the cursor on the trigger position, if it is not already there.

Channel frace CLK2 (GPAO07) is the test card’s clock. Move the cursor 1o the point where
it goes low just prior to the trigger location (see Figure 3-11). Press ENTER to set this
location as the cursor reference point. The Ref to Cursor field above the traces will be 0.

Move the cursor right to the point where BITO (GPAO6) goes low. BIT1 (GP05} should
also go low at this position. These channels are the inputs to the NAND gate U2A. The
time shown in the Ref to Cursor field is the delay between when the clock went low and
when the inputs went low.

When BITO and BIT1 (GPADS and GPAOS5) go low, the NAND gate outputs a high. To
measure the propagation delay through the gate, press ENTER to zero the reference at
the point where the inputs go low. Then move the cursor right to the point where GPAQ4
(bit 15, the output from the gate) goes high. The reference field shows the delay.

How much propagation delay there should beis a function of the battery voltage. To find
out exactly what the specification is, you need a high-speed CMOS data book. Measure
the battery voltage and look up the component's propagation delay at that voltage in the
data book.

Move the cursor to the position where BIT12 (GPAO1) goes low. Press ENTER to zero
the reference at this point. Move the cursor right to where BIT9 {GPAODD) goes high. The
reference is the propagation delay through the inverter U3 on bit 9.

If you want to, there are a few more delays you can measure in this data sample. You
can measure the total time from when bits 0 and 1 went low to the change in bit 9. If you
measure the delay between bits 15 and 13, you will know the duration of the pulse we
used as a glitch in Example 11.
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Figure A-1. Timing Diagram for the Test Card.
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Figure A-2. Test Card Schematic.
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Figure A-3. Test Card Circuit Dlagram.
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